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TWENTY-SECOND  ANNUAL  REPORT. 


TO  THE  EIGHT  HONOUKABLE 

ANDREW  GRAHAM  MURRAY,  K.C.,  M.P.,  &c., 

Hia  Majesty^ 8  Secreta/ry  for  Scotland. 


Office  of  Thb  Fishery  Board 
FOR  Scotland, 
Edinburgh,  let  July,  1904. 

My  Lord, 

In  continuation  of  our  Twenty-second  Annual  Report, 
we  have  the  honour  to  submit — 

PART  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This,  the  third  part  of  the  Twenty-second  Annual  Report, 
contains  an  account  of  the  scientific  investigations  conducted  by 
the  Board  in  1903  in  connection  with  the  sea  fisheries  of  Scotland, 
80  far  as  these  have  been  completed,  by  means  of  the  Parliamentary 
Vote  granted  for  the  purpose.  The  scientific  researches  have  been 
carried  on  for  the  most  part  at  the  Board's  Marine  Laboratory  at 
the  Bay  of  Nigg,  Aberdeen,  which  was  erected  a  few  years  ago,  and 
where  tanks  have  now  been  fitted  up  for  various  experiments  and 
observations.  The  sea-fish  hatchery  is  also  situated  at  the  same 
place,  and  a  statement  as  to  its  operations  during  the  year  will  be 
found  below. 

The  investigations  into  the  condition  of  the  fishing  grounds,  more 
particularly  in  the  Moray  Firth  and  Aberdeen  Bay,  which  were 
commenced  four  years  ago,  were  continued  last  year  by  means  of 
steam-trawlers.  One  of  the  chief  objects  of  these  investigations  is 
to  ascertain  the  changes  in  the  abundance  of  the  food  and  other 
fishes  in  the  closed  waters  in  different  years ;  but  observations  are 
also  made  on  the  reproduction  of  the  fish,  their  spawning,  food,  and 
on  various  other  points  connected  with  their  life-history;  and 
collections  of  the  plankton  or  floating  organisms  are  secured,  and 
experiments  made  with  small-meshed  and  large-meshed  nets. 

With  the  large  trawl,  the  efficient  ship,  and  the  experienced 
trawlers  in  charge,  it  is  possible  to  make  a  much  more  thorough 
examination  of  the  bays  than  was  formerly  the  case,  and  from  the 
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fact  that  the  actual  trawling  operations  are  carried  on  exactly  as 
they  are  in  commercial  fishing,  opportunities  are  thus  afforded  for 
certain  observations  of  importance,  as  the  proportion  of  the  market- 
able and  unmarketable  fishes  which  are  caught,  and  the  destruction 
of  immature  fish  on  different  grounds  and  at  ditlerent  seasons. 

Trawling  iNVESTiGATiONa 

In  the  course  of  the  year  the  results  of  148  hauls  of  the  large 
otter- trawl  were  recorded,  of  which  101  were  made  in  the  Moray 
Firth  and  29  in  Aberdeen  Bay,  making  130  in  the  closed  waters ; 
and  in  addition  18  drags  were  recordea  in  the  waters  offshore,  the 
aggregate  thus  being  148.  In  the  Moray  Firth  the  more  important 
areas  were  examined  in  February,  March,  April,  June,  October, 
November,  and  December,  and  the  grounds  in  Aberdeen  Bay  were 
visited  in  the  same  months.  The  localities  in  the  Moray  Firth 
which  were  most  thoroughly  examined  were  Burgliead  Bay  and 
the  Dornoch  Firth,  as  well  as  Smith  Bank,  tlie  grounds  off  Lossie- 
mouth, o£f  the  Suters  of  Cromarty,  and  the  coast  pf  Caithness. 

The  total  quantity  of  fish  recorded  in  the  course  of  the  investi- 
gations was  large,  viz.,  180,515,  of  which  126,485  were  of  a  kind 
and  size  to  be  marketable,  and  54,030  were  found  to  be  unmarket- 
able, either  because  they  were  of  inedible  varieties,  or  too  small  to 
be  profitably  sold.  Those  which  belong  to  the  former  category  are 
comparatively  not  numerous,  comprising  mostly  long  rough  dabs 
and  various  odd  kinds,  but  they  may  include  large  numbers  of  the 
angler  or  monk  fish  and  gurnards,  though  these  are  very  often 
brought  to  market.  The  great  majority  of  the  unmarketable 
fishes  belong  to  edible  and  saleable  forms,  and  are  simply  rejected 
because  of  their  small  size,  such  as  small  haddocks,  whitings,  plaice, 
&c.  In  the  hauls  in  the  inshore  waters  the  proportion  of  the 
unmarketable  fishes  varied  from  7*4  per  cent,  for  cod  to  782  per 
cent,  for  gurnards  among  the  round  fishes,  and  from  0*5  per  cent, 
for  brill  to  89  per  cent,  for  common  dabs  among  the  flat  fishes. 
The  percentage  of  unmarketable  plaice  was  relatively  large,  namely, 
30*3,  due  to  the  fact  that  the  fishing  was  to  a  large  extent  carried 
on  in  shallow  water.  The  proportion  of  the  marketable  and 
unmarketable  was  found  to  vary  very  greatly  according  to  the 
depth  of  the  water  and  the  season. 

In  the  paper  by  Dr.  Wemyss  Fulton,  the  Scientific  Superinten- 
dent, on  this  subject,  will  be  found  described  also  the  results  of  an 
investigation  on  the  proportion  of  the  marketable  fishes  which  are 
immature — that  is,  which  have  not  yet  reached  a  size  at  which 
reproduction  takes  place.  The  limit  between  the  mature  fishes 
and  the  immature  in  respect  to  size  is  first  dealt  with,  and  it  is 
shown  that  in  most  cases  it  is  not  the  average  size  of  the  generation 
which  first  becomes  mature  that  is  the  true  dividing  line,  but 
something  under  it,  the  precise  point  varying  in  different  species 
according  to  whether  the  reproductive  stage  is  reached  early  or 
late  in  the  growth  of  the  species. 

The  proportion  of  the  immature,  whether  regarded  in  tei-ms  of 
weight  or  of  size,  of  different  species  brought  to  market  varies  very 
greatly  according  to  the  specie^.     Among  some  flat-fishes,  such  as 
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the  common  dab,  practically  all  that  are  marketable  are  mature, 
this  fish  becoming  reproductive  at  a  small  size.  Among  plaice,  on 
the  other  hand,  which  does  not  attain  maturity  until  it  is  several 
years  of  age  and  of  some  size,  the  proportion  of  the  immature 
amounts  to  about  twenty-four  per  cent,  of  the  marketable  fishes, 
but  with  this  species  in  particular  the  proportion  varies  much 
according  to  the  chief  areas  of  fishing.  Among  the  witch  sole  the 
proportion  amounts  to  about  fifteen  per  cent,  and  it  is  still  less 
among  lemon  soles,  viz.,  about  seven  per  cent.  From  the  large 
size  at  which  the  cod  first  reaches  maturity,  the  proportion  of  the 
immature  that  are  marketable  is  considerable;  these  comprise 
codlings,  and  of  the  total  quantity  landed  about  thirty  per  cent,  are 
sexuaUy  immature.  With  haddocks,  and  still  more  with  whitings, 
the  proportion  is  much  less,  these  species  first  attaining  maturity 
at  about  the  size  at  which  they  become  marketable.  The  calcula- 
tion in  regard  to  haddocks  shows  that  the  proportion  of  the 
marketable  which  are  immature  is  small,  amounting  to  only  about 
one  per  cent,  of  the  quantity  landed,  while  among  whitings  it  is 
less,  practically  all  the  whitings  caught  by  trawlers  which  are  of 
marketable  size  being  adult. 

It  must  be  borne  in  mind,  with  reference  to  this  subject,  that 
the  limit  between  the  mature  and  the  immature  is  a  biological  one, 
having  reference,  not  to  the  size  of  the  fish  from  the  market  point 
of  view,  but  in  relation  to  the  size  when  reproduction  begins. 

Investigations  on  the  Rate  of  Growth  of  Fishes. 

In  the  present  Report  will  be  found  a  paper  by  Dr.  T.  Wemjrss 
Fulton  describing  the  results  of  his  further  investigations  on  this 
subject,  in  continuation  of  the  researches  detailed  in  some  of  the 
preceding  Reports.  In  addition  to  the  measurement  of  large 
numbers  of  fishes  obtained  during  the  trawling  investigations  by 
the  use  of  a  small-meshed  net,  numerous  observations  were  made 
to  determine  the  relation  between  the  size  and  weight  of  fishes 
belonging  to  nineteen  species,  and  a  series  of  experiments  were 
carried  on  to  show  the  influence  of  temperature  upon  growth. 

With  regard  to  the  ratio  between  the  length  and  weight  of  fishes, 
it  might  be  assumed,  without  experimental  evidence,  that  their 
growth  was  in  consonance  with  the  physical  law  governing  the 
relation  of  similarly-shaped  bodies  of  uniform  specific  gravity  with 
regard  to  weight  and  dimensions — that  the  weight  increased  as  the 
cube  of  the  length,  so  that  a  fish  which  doubled  its  length  should 
increase  its  weight  eight  times.  The  observations,  which  have  been 
made  on  between  5000  and  6000  fishes,  show  that  this  law  does  not 
apply  with  exactitude  in  any  of  the  species  examined,  the  weight 
increasing  in  proportion  more  rapidly  than  the  length,  the  conclu- 
sion being  that,  if  the  specific  gravity  remains  the  same,  growth 
takes  place  to  a  greater  extent  in  some  other  dimension  than  in 
length,  whether  in  breadth  or  thickness.  The  various  species 
examined  displayed  great  differences  in  the  relation  between  the 
weight  and  length  at  a  given  size,  the  heaviest  in  proportion  to  its 
len^h  being  the  turbot,  and  the  lightest  the  witch,  the  extremes 
being  found  among  the  flat-fishes. 
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With  regard  to  the  influence  ol  temperature  upon  growth,  it  is 
well  known  from  previous  observations  that  fishes,  at  least  in  the 
waters  near  the  shore,  grow  less  quickly  in  winter  than  in  summer, 
and  may  not  grow  at  all  if  the  temperature  be  very  low.  In  the 
experiments  referred  to  a  number  of  the  food-fishes  were  kept  in 
tanks  in  which  the  water  was  of  difierent  temperature — in  one  it 
was  considerably  above  the  normal — and  the  effect  on  the  growth 
was  determined  by  measuring  the  fishes  after  they  had  been 
subjected  for  some  time  to  the  various  temperatures  and  comparing 
the  measurement  with  what  it  was  at  first.  With  a  mean  tempera- 
ture of  401  F.  it  was  found  that  the  mean  increase  in  the  length 
of  whitings  was  1'6  millimetres  per  ten  days,  and  2*5  millimeti-es 
when  the  temperature  was  48*7  F. ;  under  the  same  conditions 
haddocks  grew  at  the  rate  of  2*7  and  51  millimetres  respectively, 
and  codlings  increased  under  the  lower  temperature  at  the  rate  of 
3*6  millimetres,  and  under  the  higher  temperature  at  the  rate  of 
6*87  millimetres  in  each  ten  davs.  In  another  tank  where  the  mean 
temperature  was  54'5  R,  the  rate  of  growth  in  length  in  each  ten 
days  was,  on  the  average,  2*8  millimetres  for  whitings,  6*45  for 
codlings,  3*0  for  common  dabs,  and  3*29  for  plaice.  The  growth  in 
length  varied  generally  in  relation  to  the  size  of  the  fish  as  well  as 
to  the  species,  the  smaller  individuals  as  a  rule  growing  the  quickest, 
and  considerable  difference  was  exhibited  in  many  cases  among 
individuals  of  the  same  species  approximately  equal  in  size. 

The  influence  of  temperature  is  exerted  directly  in  connection 
with  the  metabolism  of  the  fish,  that  is,  the  chemical  changes  in 
its  tissues,  which  result  in  growth  as  well  as  in  the  expenditure  of 
energy.  In  low  temperatures  the  process  of  digestion  was  greatly 
impaired,  and  appetite  was  more  or  less  in  abeyance,  the  fishes 
refusing  their  food  or  eating  sparingly.  It  has  been  shown  that 
the  action  of  the  digestive  ferments  is  suspended  at  low  tempera- 
tures and  increased  at  high  temperatui-es.  The  bearing  of  these 
observations  on  the  growth  of  fishes  in  winter,  whether  in  the  sea 
or  in  fresh  water,  is  obvious. 

In  the  same  paper  the  results  of  the  investigations  made  as  to 
the  growth  of  the  Sprat,  the  Witch  Sole,  the  Norway  Pout,  and  the 
Sharp-tailed  Lumpenus  are  described,  and  illustrated  by  a  series  of 
diagrams. 

The  Hatching  and  Rearing  of  Food-Fishes. 

During  the  hatching-season  of  1903  the  number  of  eggs  of  the 
plaice  collected  from  the  spawning  pond  at  the  Hatchery,  Bay  of 
Nigg,  was  approximately  65,940,000.  This  was  almost  the  same 
number  as  in  1901,  and  about  seven  millions  less  than  in  the 
previous  year.  The  number  of  fry  that  were  hatched  from  these 
eggs  and  retained  in  the  hatching  apparatus  mitil  approaching  the 
post-larval  stage  was  estimated  at  about  53,600,000,  or  a  little  over 
81  per  cent.  The  fry  were  liberated  for  the  most  part  off"  Aber- 
deen, but  on  three  occasions  they  were  taken  further  north  and 
liberated  off  Fraserburgli. 

The  first  eggs  were  collected  on  23rd  January  and  the  last  on 
16th  May,  the  period  of  collection  thus  extending  over  113  days, 
but  the  greater  number  were  obtained  in  March,  when  37,080,000 
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were  collected,  the  number  in  April  being  nearly  sixteen  millions, 
and  in  February  nearly  twelve  millions.  It  may  be  stated  that 
the  collection  of  eggs  extends  over  a  longer  period  at  the  Bay  of 
Nigg  than  was  the  case  at  Dunbar,  where  the  work  did  not  usually 
ommence  until  March,  the  average  duration  at  the  former  being 
65  days  and  at  the  latter  86  days.  The  difiference  is  due,  not  to 
variation  in  the  spawning  season,  but  to  the  circumstance  that  the 
fishes  at  Dunbar,  being  for  the  most  part  collected  a  little  before 
the  spawning,  did  not  become  accustomed  to  confinement  suflS- 
ciently  to  part  with  their  eggs  until  the  spawning  season  was  some 
way  advanced,  while  at  the  Bay  of  Nigg  they  are  kept  in  the  large 
pond  throughout  the  year,  and  spawn  under  natural  conditions 
approximately  during  the  same  time  that  plaice  are  found  spawning 
in  the  sea.  An  abundant  supply  of  pure  sea-water,  of  suitable 
temperature  and  specific  gravity,  has  materially  aided  in  the  success 
of  the  work ;  and  as  mentioned  in  last  year's  Report,  the  cost  of  the 
fish  hatching,  when  the  hatchery  is  operated  in  conjunction  with 
the  Marine  Laboratory,  is  materially  reduced,  and  does  not  exceed 
£100  per  annum. 

The  period  for  which  the  embryonic  and  larval  fishes  are  pro- 
tected in  the  hatching  apparatus  amoimts  to  about  half  the 
duration  of  their  pelagic  life,  but  the  benefit  would  be  considerably 
increased  if  it  were  possible  to  rear  them  in  any  large  numbers 
through  their  post-larval  stages — that  is,  until  they  have  completed 
their  transformation  and  become  adapted  to  live  on  the  bottom. 
The  rearing  is  not  an  easy  matter,  owing  to  the  difficulty  of  pro- 
viding suitable  food  for  multitudes  of  larvaB  confined  in  relatively 
small  volumes  of  water,  but  the  attempt  to  do  so  will  be  made  by 
the  use  of  a  special  tank. 

Since  the  hatchery  was  established  the  number  of  fry  of  the  food 
fishes  which  have  been  produced  is  as  follows: — Plaice,  340,455,000 ; 
lemon  soles,  5,727,000 ;  turbot,  5,160,000 ;  cod,  4,010,000 ;  and  other 
kinds,  2,000,000— the  aggregate  being  357,352,000. 

During  the  season  deputations  of  fishermen  from  Aberdeenshire, 
who  visited  the  establishment  by  arrangement  with  the  Technical 
Education  Committee  of  the  County  Council,  received  demonstra- 
tions as  to  the  operations  and  the  life-histories  of  the  food  fishes. 

The  Lifk-History  of  the  Crab. 

In  the  present  Report  will  be  found  a  paper,  illustrated  by  four 
plates,  in  which  Dr.  H.  C.  Williamson  gives  the  results  of  further 
observations  on  the  life-history  of  the  edible  crab  and  some  other 
Decapod  Crustacea.  The  observations  deal  mainly  with  the  repro- 
duction, and  in  this  connection  with  the  processes  of  casting, 
impregnation,  and  spawning.  The  spawning  of  the  crab  takes  place 
in  November,  December,  and  January,  and  the  casting  of  the  shell 
and  impregnation  take  place  in  summer ;  and  it  appears  probable 
that  in  most  cases  spawning  does  not  follow  until  about  fourteen 
or  fifteen  months  after  the  process  of  casting. 

On  extrusion  the  eggs  are  attached  to  the  swimmerets  of  the 
mother,  and  remain  there  for  about  seven  months.  The  mode  by 
which  the  eggs  are  attached  is  of  interest,  the  author  having 
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discovered  that  they  are  skewered  on  to  the  long  delicate  hairs  with 
which  the  inner  branches  of  the  swimmerets  are  provided,  and  are 
not,  as  has  generally  been  believed,  fixed  to  them  by  a  mucilaginous 
secretion.  The  eggs  themselves  are  never  found  cemented  together 
although  crowded  in  close  contact  The  mode  in  which  the  eggs 
are  skewered  on  to  the  stiff  hairs  is  as  follows.  When  the  eggs 
are  extruded  they  imbibe  sea  water  and  become  swollen,  so  that 
the  egg-mass  is  separated  from  the  shell,  and  this  space  soon 
attains  large  dimensions.  The  eggs  are  retained  in  a  semi-fluid 
mass  in  the  "  apron  "  of  the  crab,  and  by  the  continuous  stabbing 
movement  of  the  stiff  hairs  on  the  swimmerets  the  eggs  are  pierced 
and  skewered  as  described.  Dr.  Williamson  also  treats  of  the  rate 
of  growth,  the  migrations,  and  the  distribution  of  the  crab,  and  in 
connection  with  the  former  subject  had  the  use  of  the  data 
furnished  by  Mr.  Waddington,  Bournemouth,  of  the  various 
successive  casts  of  certain  edible  crabs  which  had  been  kept  in 
confinement  for  periods  up  to  two  years,  and  these  are  represented 
in  a  series  of  figures,  and  are  of  much  interest. 

Further  descriptions  are  given  of  the  results  of  labelling  crabs 
which  were  afterwards  liberated,  in  order  to  throw  light  on  their 
migrations.  In  contrast  to  some  of  the  previous  results,  it  may  be 
said  that  one  of  the  labelled  crabs,  an  adult  male,  was  obtained 
three  years  after  its  liberation  very  near  the  spot  where  it  was  set 
free. 

The  Young  of  the  Witch  Sole. 

During  the  trawling  investigations  in  the  Moray  Firth  a  very 
complete  series  of  the  yoimg  of  the  Witch  Sole  was  obtained,  one 
of  the  flat-fishes  now  brought  to  market  in  considerable  numbers 
by  the  trawlers  working  in  deep  water,  and  in  the  knowledge  of 
whose  life-history  there  were  considerable  gaps.  Dr.  Williamson 
describes  these  in  a  paper  in  the  present  fieport.  Some  dubiety 
has  existed  as  to  the  identity  of  the  post-larval  stages  of  this  form, 
which  differ  from  the  corresponding  stages  of  most  flat-fishes  by 
their  great  length  and  slenderness,  as  well  as  by  other  characters, 
so  that  the  first  one  described  was  supposed  to  be  a  young  halibut. 
The  present  series,  by  filling  up  the  blanks  between  the  previously- 
recorded  stages,  completes  the  chain  connecting  the  egg  with  the 
parent  fish.     The  paper  is  illustrated  with  a  number  of  figures. 

The  Marine  Crustacea. 

In  this  Beport  will  be  found  a  paper,  illustrated  by  three  plates 
of  figures,  by  Dr.  Thomas  Scott,  descriptive  of  a  number  of  rare 
Crustacea,  obtained  for  the  most  part  during  the  trawling  investi- 
gations. The  forms  described  are  all  small,  and  include  two  groups 
of  the  Copepoda  that  are  somewhat  abnormal  both  in  their 
structure  and  habits.  Among  the  nine  species  belonging  to  the 
first  of  these  groups — the  Monstrillidse — three  are  new  to  science 
and  are  now  described  for  the  first  time,  and  of  the  seven  species 
which  belong  to  the  second  of  the  groups — the  Choniostomatid» — 
five  are  new  to  science  and  are  here  described  for  the  first  time, 
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and  these  are  all  minute  forms  which  are  parasitic  on  small  species 
of  Crustacea. 

The  occurrence  of  other  rare  species  belonging  to  the  Amphi- 
poda,  the  Isopoda,  and  the  Sympoda,  other  groups  of  Crustacea, 
is  also  recorded. 

Apart  from  the  zoological  interest  of  these  discoveries,  it  is  to 
be  noted  that  the  minute  Crustacea  with  which  they  deal  play  an 
important  rdle  in  connection  with  the  food  of  fishes,  many  forms 
living  upon  them  almost  exclusively  at  some  stage  or  another  of 
their  existence. 

The  Parasites  of  Fishes. 

In  continuation  of  his  researches  on  the  forms  which  are  para- 
sitic on  marine  fishes,  Dr.  Thomas  Scott  also  contributes  a  paper  to 
the  present  Eeport  on  this  subject,  illustrated  with  a  series  of 
figures.  The  parasites  described  include  four  Copepods  and  two 
Trematode  worms.  One  of  the  former  is  new  to  science,  and 
the  other  three  have  not  previously  been  recorded  from  the 
Scottish  seas.  Both  the  Trematodes  are  new  to  science,  and  were 
obtained,  along  with  two  of  the  Copepods,  on  a  specimen  of  the 
sting  ray  {Trygon  pastinaca) — a  fish  closely  allied  to  the  skates — 
which  was  caught  in  the  Moray  Firth  during  the  trawling 
investigations. 

In  this  paper  there  is  also  a  description  of  a  figure  of  a  post- 
larval  fish  which  has  been  attacked  by  two  small  crustaceans, 
furnishing  an  example  of  one  of  the  dangers  to  which  young  fishes 
are  exposed. 

The  Young  of  the  Conger. 

In  the  course  of  the  trawling  investigations  in  the  Moray 
Firth,  two  specimens  of  the  pelagic  young  of  the  Conger-eel  were 
taken  in  the  small-meshed  net  used  around  the  cod-end  of  the 
otter  trawl.  These  forms,  which  are  characterised  in  their  younger 
stages  by  their  singularly  flattened  form,  are  known  as  Leptocephali, 
and  were  until  comparatively  lately  believed  to  represent  distinct 
species  of  fish.  They  are  very  rarely  seen  in  British  waters.  The 
two  specimens  referred  to  are  described  and  figured  in  a  paper  by 
Dr.  T.  Wemyss  Fulton  in  the  present  Report,  along  with  other 
rare  fishes  obtained  during  the  investigations.  Among  the  others 
may  be  mentioned  a  larval  Fierasfer,  an  extremely  rare  form  which, 
in  the  adult  condition,  lives  within  Holothurians;  it  was  taken  in 
a  tow-net  easterly  from  Aberdeen.  A  specimen  of  the  pilchard 
was  also  secured  in  the  Moray  Firth — a  fish  which  is  said  to  have 
been  at  one  time  fairly  common  at  some  places  in  the  southern 
part  of  the  East  Coast,  but  is  now  hardly  ever  seen  in  these  waters. 
Other  rare  specimens  comprised  the  sting-ray  and  the  thickback 
sole,  both  secured  in  the  Moray  Firth.  It  is  indeed  remarkable 
that  in  several  respects  the  fauna  of  the  Moray  Firth  offers 
resemblances  to  that  of  the  West  Coast;  it  appears  to  indicate 
that  a  connection  is  established  by  means  of  the  sea  currents 
entering  the  Firth  from  the  north. 
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Investigations  on  the  Herking  in  the  Firth  of  Clyde. 

In  connection  with  the  winter  herring  fishing  at  Ballantrae  Bank, 
off  the  coast  of  Ayr,  arrangements  were  made  for  an  investigation  of 
the  conditions  of  the  fishing  in  relation  to  the  operation  of  the 
Bye-law  No.  18,  by  which  the  use  of  the  seine  for  the  capture  of 
herrings  within  a  defined  area  off  the  coast  is  prohibited.  Owing, 
however,  to  the  stormy  weather  that  prevailed  on  these  exposed 
grounds  the  fishing  was  almost  a  complete  failure,  only  thirty-five 
crans  of  herrings  being  obtained  within  the  area  specified,  although 
232  crans  were  caught  in  the  more  sheltered  waters  of  Lochryan, 
where  fishing  operations  could  be  carried  on.  Under  the  circum- 
stances it  was  not  found  possible  to  make  the  investigations 
desired ;  but  it  may  be  noted  that  the  weather  conditions  made  an 
effective  close-time  in  protecting  the  herrings  frequenting  the 
grounds,  and  if,  as  there  is  every  reason  to  believe  was  the  case, 
the  herrings  spawned  there  in  February  and  March,  the  result 
ought  to  tend  to  increase  the  number  of  herrings  in  some  future 
season. 

Investigations  have  also  been  undertaken  with  regard  to  the 
herrings  in  the  Firth  of  Clyde  generally,  more  particularly  in  con- 
nection with  their  migratory  movements  and  spawning,  about  which 
comparatively  little  is  known,  and  which  will  require  some  con- 
siderable time  to  complete.  In  reference  to  this  enquiry  a  research 
is  being  made  by  Professor  Milroy,  Queen's  College,  Belfast,  on 
behalf  of  the  Board,  as  to  the  chemical  composition  of  the  herring 
in  relation  more  especially  to  the  reproduction  of  the  fish. 

We  4iave  the  honour  to  be, 

Right  Hon.  Sir, 

Your  most  ol^edient  Servants, 

ANGUS  SUTHERLAISTD,  Ghairmam. 

D.  CRAWFORD,  Deput  if -Chairman. 

D'ARCY  W.  THOMPSON. 
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L— TRAWLING  INVESTIGATIONS.    By  Dr.  T.  Wbmyss  Fulton, 
F.R.S.E.,  Superintendent  of  Scientific  Investigations. 

Introductoby. 

The  investigations  into  the  condition  of  the  fishing  grounds,  particularly 
in  the  closed  waters  of  the  Moray  Firth  and  Aberdeen  Bay,  which  were 
commenced  four  years  ago  by  means  of  steam-trawlers,  were  continued  last 
year,  and  a  voyage  was  also  made  to  the  ofishore  waters  lying  off  the 
mouth  of  the  Firth  of  Forth.  In  the  Moray  Filth  the  more  important 
areas  were  examined  in  February,  March,  April,  June,  October,  November, 
and  December,  and  the  grounds  in  Aberdeen  Bay  were  visited  in  the  same 
months.  On  each  occasion  the  places  where  fish  were  found  to  be  most 
abundant  were  chiefly  worked  over ;  the  total  number  of  hauls  made  in  the 
Moray  Firth,  the  results  of  which  were  recorded,  was  101,  and  the 
number  in  Aberdeen  Bay  was  29,  making  a  total  in  the  closed  waters  of 
these  areas  of  130  drags,  in  addition  to  18  in  the  offshore  waters,  or  148 
altogether.  The  localities  in  the  Moray  Firth  which  were  most  thoroughly 
examined  were  Burghead  Bay  and  the  Dornoch  Firth,  as  well  as  Smith 
Bank,  the  grounds  off  Lossiemouth,  off  the  Suters  of  Cromarty,  and  the 
coast  of  Caithness. 

The  total  quantity  of  fish  taken  in  the  course  of  the  investigation  was 
large,  amounting  to  180,515  in  the  completely  recorded  hauls,  and  of  these 
126,485  were  of  a  kind  or  size  to  be  marketable,  and  54,030  were  un- 
marketable and  were  thrown  overboard. 

One  of  the  chief  objects  of  these  investigations  is  to  ascertain  the 
changes  in  the  abundance  of  the  food  and  other  fish  in  the  closed  waters 
in  different  years  and  seasons,  but  observations  are  also  made  on  the  con- 
dition of  the  reproductive  organs  of  the  fish,  their  spawning,  food,  and  on 
various  other  points  connected  with  their  life-history ;  while  at  the  same 
time  the  temperature  of  the  surface  and  bottom  water  at  the  various  places 
is  observed  and  recorded ;  and  from  the  fact  that  the  actual  trawling  work 
is  carried  on  precisely  as  it  is  for  commercial  purposes,  opportunities 
are  thus  afforded  for  certain  observations,  as,  for  example,  the  proportion 
of  the  various  kinds  of  fish  captured  in  the  net  which  are  marketable  and 
the  proportion  unmarketable,  the  influence  of  the  size  of  the  mesh  of  the 
net  on  the  size  of  the  fish  caught,  &c..  which  would  be  otherwise  difiicult 
to  obtain.  Collections  of  the  floating  organisms  or  plankton  were  also 
secured,  and  a  number  of  experiments  made  with  small-meshed  nets  with 
the  object  of  procuring  collections  in  connection  with  the  study  of  the 
rate  of  growth  of  fishes  and  their  distribution. 

With  the  large  commercial  trawl,  the  efficient  ship,  and  the  experienced 
trawlers  in  charge  it  is  possible  to  make  a  much  more  extensive  and 
thorough  examination  of  the  grounds  than  could  formerly  be  done. 

The  results  of  the  investigation  are  given  in  detail  in  the  following 
pages  and  in  the  Tables  which  are  appended. 

Thb  Proportion  of  Mjirkbtabui  to  Unmarketable  Fishes. 

As  already  mentioned,  the  proportion  of  the  unmarketable  to  the  market- 
able was  54,030  to  126,485,    which   is  therefore  a  veiy  considerable 
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proportion.  The  unmarketable  fishes  vary  in  amount  in  several  ways. 
There  are  some  which  are  never  taken  to  market  under  any  circumstances, 
being  inedible  or  at  least  unsaleable.  The  most  common  of  these  is  the 
long  rough  dab,  which,  however,  is  not  found  in  any  quantity  in  the 
shallow  inshore  waters.  Dog-fishes  are  also  unmarketable  in  the  same 
way,  and  they  are  sometimes  taken  in  large  numbers  by  the  trawl  in  the 
deep  water  in  the  northern  part  of  the  North  Sea,  but  much  less 
commonly  in  the  Moray  Firth  or  Aberdeen  Bay.  There  are  a  few  other 
species  occasionally  brought  up  in  the  trawl  which  are  for  the  same  reason 
never  taken  to  market.  But  the  great  majority  of  the  unmarketable  fishes 
belong  to  forms  which  are  quite  edible  and  marketable  and  are  rejected 
merely  because  of  their  small  size,  such  as  small  haddocks,  whiting,  plaiee^ 
&c.  In  some  instances  the  question  whether  a  particular  species  is  takes 
to  market  or  thrown  overboard  depends  upon  circumstances,  irrespectin 
of  the  size  of  the  fish,  as,  for  instance,  with  gurnards  and  anglers.  These 
two  forms  are  now,  however,  generally  brought  to  market,  in  the  latter 
case  only  the  tail  part  being  made  use  of.  The  proportion  of  the  un- 
marketable fishes  of  the  class  referred  to  depends  also  to  a  very  laige 
extent  on  the  grounds  fished  over  and  the  season  of  the  year.  Examples 
of  this  fact  are  described  in  the  following  pages,  as,  for  instance,  in  con- 
nection with  the  plaice  and  haddock  (p.  30,  32,  36,  42). 

In  the  accompanjring  Table  I  have  tabulated  the  numbers  of  marketable 
and  unmarketable  fishes  taken  in  103  hauls  of  the  net  in  the  Moray  Firth 
and  Aberdeen  Bay,  and  have  represented  the  proportions  of  each  for  the 
various  species  in  percentages  of  the  total. 


Fish. 

Marketable. 

Unmarketable. 

Total. 

Number. 

Per  Cent. 

Number. 

Per  Cent. 

Cod 

4,283 

92  5 

343 

7-4 

4.626   I 

Haddock, 

46,287 

86-0 

7,625 

14-0 

^^S    \ 

Whiting,    

4,694 

57-3 

3,495 

42-4 

^^5  \ 

Coalfish,     

45 

91-8 

4 

8-2 

49     \ 

Ling,          

6 

— 

— 

\     \ 

Hake,         

4 

— 

1 

— 

^ 

Gumard, 

465 

21-7 

1,675 

78-2 

2,140      ' 

Catfiah,      

Plaice,        

76 

100-0 

— 

— 

76 

55,860 

81-0 

13,043 

19-0 

68,90S 

27,669 

69-6 

12,057 

30-3 

^'SS 

Common  Dab, 

1,779 

10-9 

14,543 

89-0 

16.822 

Flounder, 

904 

91*6 

83 

8-2 

987     / 

Witch,        

5,089 

84-8 

911 

15-1 

6.000    / 

Lemon  Dab, 

518 

95-7 

23 

4-2 

541    / 

Halibut,     

6 

100*0 

— 

— 

6 

Turbot,       

23 

100-0 

— 

— 

28 

Brill, 

220 

99-5 

1 

0-5 

221 

Long  Rough  Dab 

— 

— 

2,533 

100-0 

2.588 

Sole,           

Skates  and  Rays,... 

3 

— 

— 

— 

8 

36,211 

54-5 

30,151 

45-5 

66.862 

407 

65-2 

331 

44-8 

738 

Anglers,     

173 

28-6 

432 

71-2 

605 

Other  Fish, 

— 

— 

186 

— 

186 

92,651 

68-0 

44,143 

32-0 

136.794 
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From  this  Table  it  will  be  seen  that  the  percentages  for  the  gross  catch 
of  fish  are  68  for  the  marketable  and  32  for  the  unmarketable,  and  these 
figures  may  be  taken  as  fairly  well  representing  the  proportions  in  the 
inshore  waters  referred  to,  although  the  ratio  varies  on  different  grounds 
and  at  different  times. 

The  percentage  of  cod  which  were  unfit  for  the  market  by  reason  of 
their  small  size  was  small,  and  less  than  with  any  other  round  fish  save 
the  catfish ;  it  amounted  to  only  7*4  per  cent.,  the  marketable,  including 
cod  and  codling,  being  92  5  per  cent.  The  proportion  of  unmarketable 
haddocks  was  much  higher,  viz.,  14,  as  against  86  per  cent,  marketable  ; 
but  the  proportion  was  found  to  vary  very  greatly  in  different  cases.  In 
the  hauls  made  in  Burghead  Bay  in  December,  for  example,  about  five- 
sixths  of  the  haddocks  taken  wore  too  small  to  be  marketable,  while  on 
other  occasions  the  proportion  of  these  small  haddocks  was  very  slight. 

The  proportion  of  unmarketable  whitings  taken  was  still  greater, 
amounting  to  42*4  per  cent,  of  the  total,  the  marketable  being  57*3  per 
cent.  The  unmarketable  coalfish — of  which,  however,  comparatively  few 
were  caught — amounted  to  8*2  per  cent.,  while  all  the  catfishes  obtained 
were  of  marketable  size.  Gurnards,  which,  as  stated,  are  not  always 
taken  to  market,  show  a  high  percentage  of  the  "  unmarketable,"  partly 
for  this  reason,  78*2. 

The  proportion  of  round  fishes  of  edible  and  saleable  kinds  which  were 
unmarketable  was  collectively  19  per  cent,  the  marketable  being  81  per 
cent. 

With  flat-fishes,  apart  from  the  long  rough  dab,  which  is  never  taken  to 
market,  the  highest  percentage  unmarketable  were  among  the  common 
dabs,  viz.  89,  the  marketable  being  only  10*9  per  cent.  This  is  owing 
to  the  generally  small  size  of  this  fish,  and  sometimes  trawlers  are  not 
very  particular  about  it,  when  they  are  getting  good  catches  of  more 
valuable  kinds.  The  proportion  of  unmarketable  plaice  was  also  high, 
30*3  per  cent.,  and  in  this  case,  even  more  than  with  the  haddocks,  the 
proportion  varied  greatly  according  to  the  depth  of  water  and  the  season. 
In  some  places,  as  at  Burghead  Bay,  where  the  fishing  was  as  a  rule  con- 
ducted in  water  over  seven  fathoms  in  depth,  comparatively  few  small 
unmarketable  plaice  were  caught,  while  in  the  Dornoch  Firth,  in  from  five 
to  eleven  fathoms,  in  June,  the  majority  of  the  plaice  got  were  too  small 
to  be  marketable.  In  two  hauls  here,  of  a  total  of  9649  plaice  caught,  no 
less  than  6419,  or  70*1  per  cent.,  were  unmarketable. 

The  proportion  of  unmarketable  flounders  taken  was  comparatively 
small,  8*2  per  cent,  no  less  than  91*6  per  cent,  being  large  enough  to  be 
taken  to  market.  The  reason  of  this  high  proportion  is  that  these 
flounders  were  almost  without  exception  spawning  fish  which  had 
migrated  out  from  the  shallow  waters  near  the  beach  for  the  purpose  of 
spawning,  the  smaller  and  sexually  immature  forms  remaining  inshore 
beyond  the  reach  of  the  trawl.  The  same  reason  no  doubt  explains  the 
fact  that  all  the  turbot  and  almost  all  the  brill  taken  were  also  large 
enough  to  be  marketable.  The  number  of  turbot  was  not  great,  23,  but 
of  the  221  brill  all  but  one  were  marketable,  or  a  proportion  of  99*5  per 
cent.  The  shape  of  both  these  fishes  makes  them  eminently  liable  to  cap- 
ture in  the  trawl-net,  if  they  are  on  the  ground,  and  there  is  little  doubt 
that  the  smaller  forms,  tinder  about  nine  or  ten  inches,  are  close  inshore 
on  the  sands. 

Among  the  skates  and  rays  44*8  per  cent,  were  unmarketable,  and  55*2 
per  cent,  marketable,  and  the  other  unmarketable  fishes  were  made  up  of 
anglers,  herrings,  sprats,  dragonets,  and  a  few  others. 

The  number  of  hauls  on  the  offshore  grounds  was  comparatively  small 
last  year,  and  the  same  contrast  is  therefore  based  on  fewer  results.     Of 
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a  total  of  27,156  fishes  in  the  completely  recorded  hauls,  22,051  were 
marketable  and  5105  unmarketable,  the  percentage  of  the  former  being 
81*2,  and  of  the  latter  18*7 — the  proportion  of  the  unmarketable  being 
thus  considerably  under  what  it  was  on  the  inshore  grounds.  In  these 
series  of  hauls  also  all  the  gurnards  were  classed  as  unmarketable,  while, 
on  the  other  hand,  owing  to  the  depth  of  water,  all  the  plaice  were 
marketable. 

The  proportion  of  cod,  including  codling,  which  was  marketable  was 
77*2  per  cent,  22*8  per  cent,  being  unmarketable  ;  in  the  case  of  haddodcs^ 
the  percentage  marketable  was  86*7  and  unmarketable  13*3;  while  with 
whitings  the  respective  proportions  were  54*4  and  45*6  per  cent. 

The  Pboportion  of  Immature  Fish  Landed, 

The  information  given  above  and  detailed  in  the  Tables  as  to  the  pro- 
portion of  fish  of  the  different  kinds  which  are  caught  in  the  operations 
of  commercial  trawl-fishing  and  thrown  away  as  unmarketable,  enables  an 
opinion  to  be  formed  as  to  the  degree  of  deetruction  which  may  take 
place  on  the  inshore  grounds. 

It  is  also  of  some  importance  to  be  able  to  ascertain  the  proportion  of  the 
fish  caught  and  landed  which  are  immature,  that  is  to  say,  which  have  never 
developed  milt  or  roe  and  reproduced  their  species.  In  most  cases  it 
may  be  said  that  the  greater  proportion  of  the  unmarketable  individuals 
of  the  class  which  is  unmarketable  owing  to  the  small  size,  are  immature, 
although  in  some  instances  mature  fishes  may  also  be  too  small  to  be 
marketable.  This  is  the  case  with  the  common  dabs,  none  of  the  imma- 
ture individuals  being  large  enough  to  be  marketable,  and  those  landed 
are  therefore  adult  fishes  which  have  either  reproduced  or  are  large 
enough  to  reproduce.  The  same  is  true  of  the  flounder,  which,  however, 
is  not  taken  often  in  the  trawl  in  ordinary  commercial  fishing.  It  is  also 
true  to  some  extent  of  the  haddock,  and  still  more  of  the  whiting,  com- 
paratively few  of  these  under  the  size  at  which  maturity  may  be  reached 
being  brought  to  market,  and  with  the  whiting,  at  all  events,  there  is  no 
doubt  that  a  fairly  large  proportion  of  the  smaller-sized  but  mature 
individuals  are  rejected  because  of  their  small  size. 

With  plaice,  on  the  other  hand,  as  with  turbot,  brill,  and  halibnt,  all 
those  which  have  arrived  at  the  size  of  maturity,  and  a  large  number 
which  are  under  that  limit  are  eminently  marketable.  It  is  the  same 
with  the  cod  and  the  large  round  fishes,  and  it  is  thus  of  some  importance 
to  be  able  to  show  approximately  the  proportion  of  the  mature  and 
immature  fishes  of  the  different  species  which  are  under  ordinary  ciicum* 
stances  brought  to  market. 

In  order  to  do  this  it  is  necessary  to  obtain  two  classes  of  facts — ^the 
limit  of  size  which  separates  the  mature  from  the  immature  in  the 
different  kinds  of  fish,  and  the  numbers  of  fish  at  the  various  sizes  which 
are  caught.  Information  on  the  former  head,  as  I  have  elsewhere  pointed 
out,  is  not  as  exhaustive  as  one  would  like,  but,  still,  numerous  observa- 
tions have  been  made  in  Scotland  and  other  countries  which  enable  one 
to  differentiate,  sometimes  with  precision  and  at  other  times  broadly,  the 
mature  from  the  immature.  It  happens,  however,  at  all  events  in  the 
case  of  some  fishes,  that  the  size  which  separates  the  mature  from  the 
immature  is  not  the  same  in  all  places.  Thus,  with  plaice  the  limit 
between  the  mature  and  immature  is  higher  in  the  northern  parts  of  the 
North  Sea  than  the  southern  parts  and  the  Channel.  This  difference 
does  not,  however,  affect  the  present  investigation  to  any  extent,  because 
comparatively  a  very  small  proportion  of  the  fish  landed  at  Aberdeen  is 
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caught  in  the  southern  parts  referred  to,  as  is  explained  in  my  paper 
dealing  with  the  statistics  in  connection  with  the  place  of  capture  in  the 
Board's  Twentieth  Annual  Report.* 

For  the  purpose  referred  to,  certain  sizes  have  been  selected  as  separat- 
ing the  mature  from  the  immature  individuals  of  the  various  species  of 
fish  dealt  with ;  in  several  instances  they  exceed  the  sizes  assigned  in  my 
earlier  papers  on  the  subject,t  where  the  limit  had  reference  rather  to 
the  smallest  mature  individuals  which  were  found  than  to  the  average 
size  of  the  group  or  generation  on  first  attaining  maturity.  The  latter,  no 
doubt,  is  the  preferable  course  in  many  cases,  but  not  in  all,  as  is  some- 
times supposed. 

The  subject)  indeed — the  fixing  of  the  line  to  separate  the  mature  from 
the  immature,  so  as  to  include  as  few  of  the  latter  with  the  former  as 
possible  and  viee  vena — is  not  by  any  means  as  simple  as  it  looks.  It 
is  really  in  some  degree  a  complex  problem,  and  the  degree  of  complexity 
varies  in  different  cases.  If  the  reproductive  generation — ^that  is,  the 
group  which  first  attains  maturity — were  distinctly  separated  from  the 
next  younger  generation  or  group,  then  the  proper  limit  would  be  natur- 
ally the  point  between ;  on  one  side  all  the  fishes  would  be  immature  and 
on  the  other  side  all  would  be  mature,  and  in  such  an  example  the  proper 
limit  would  be,  not  the  average  size  at  first- maturity,  but  the  size  of  the 
smallest  mature  fish  that  could  be  caught.  On  the  other  hand,  if  the 
first  reproductive  generation  were  so  fused  Mrith  the  next  younger  genera- 
tion— if  the  over-lapping  between  the  two  was  such — that  it  contained, 
within  the  range  of  its  sizes,  as  many  imma;ture  as  the  other  contained 
mature,  then  the  proper  limit  would  be  the  average  size  at  first-maturity. 
I  am  not  aware  of  any  case  in  which  either  of  these  two  conditions  occur. 
In  some  forms  in  which  reproduction  takes  place  at  an  early  age,  as  with 
the  whiting  and  the  sprat,  the  over-lapping  of  the  reproductive  generation 
with  the  preceding  generation  is  comparatively  slight,  and  in  such 
instances  the  preferable  limit  in  my  opinion  is  not  the  average  size  of  the 
group  which  is  mature — which  would  exclude  a  large  proportion  of  the 
mature  fishes  and  include  a  very  small  proportion  of  the  immature  in 
compensation — but  a  limit  placed  near  the  minimum  size  at  first-maturity. 

The  approximation  to  the  other  extreme  is  to  be  found  in  the  larger 
forms,  such  as  the  plaice,  cod,  <fec.,  where  reproduction  does  not  take  place 
at  an  age  so  early,  and  where,  consequently,  from  the  variations  in  the 
rate  or  growth  of  the  individuals  of  the  different  groups  or  generations, 
the  first  reproducing  generation  becomes  to  a  certain  extent  fused  with 
the  generation  immediately  preceding.  But  I  do  not  know  of  any  case 
in  which  the  fusion  is  so  complete  that  half  of  the  fishes  comprised  within 
it  are  mature  and  the  other  half  immature.  With  the  plaice,  for  example, 
a  study  of  the  curves  appended  to  my  paper  dealing  with  the  growth  of 
this  fish  in  the  Twentieth  Annual  Eeportt  will  show  that  although 
a  considerable  number  of  the  fishes  belonging  to  the  younger  group 
next  to  the  reproductive  group  have  fused  with  the  latter,  the  greater 
number  by  far  are  distinct,  and  in  such  instances  it  appears  to  me 
that  the  proper  line  of  division  is  not  the  average  size  of  the  repro- 
ductive group,  but  the  point  between  the  two  groups,  i.e.  where  the 
numbers  of  immature  forms  contained  within  the  latter  is  balanced  by 
the  number  of  mature  forms  contained  within  the  former. 

The  precise  differentiation  of  the  mature  from  the  immature  is  further 
complicated  by  the  circumstance  that  the  males  aud  females  do  not  in  all 
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species  grow  at  the  same  rate,  or  attain  the  same  size,  the  females,  as  a 
rule,  growing  quicker  and  becoming  bigger ;  and  the  numbers  of  the  sexes 
in  proportion  to  one  another  may  vary.  Thus,  among  the  flat-fishes  the 
females  grow  more  rapidly,  as  a  whole,  than  the  males,  and  reach  a  larger 
size ;  while  among  the  gadoids  the  rate  of  growth  and  the  relative 
dimensions  of  the  older  forms  appear  to  be,  as  far  as  ascertained,  neariy  or 
quite  uniform.  This  does  not,  however,  very  materially  affect  the 
question  of  the  limit  at  first  maturity,  since  the  males  and  females  grow 
with  fairly  equal  uniformity  until  the  reproductive  stage  is  reached,  but 
in  certain  cases  the  male  becomes  mature  at  an  earlier  age  than  the 
female  and  at  a  smaller  size,  and  it  is  this  which  introduces  complexity 
and  difficulty.  It  thus  happens  that  among  flat-fishes  many  more 
females  than  males  are  landed,  although  the  number  of  males  at  the  stage 
of  reproduction  may  be  equal  to  or  greater  than  the  number  of  females 
on  the  fishing  grounds. 

I  have  therefore  prepared  a  statement  of  the  limit  between  the  mature 
and  the  immature  fishes  of  the  various  species^  based  upon  the  available 
information,  with  consideration  of  the  facts  concerning  the  growth  of  the 
fishes,  which  may  be  used  in  endeavouring  approximately  to  determine 
the  proportion  of  the  immature  and  the  mature  which  are  marketable, 
as  follows : — 


Whiting, 

-        8i 

Turbot, 

17 

Haddock, 

-      11 

Brill, . 

15 

Cod,       - 

..     26 

Common  Dab, 

6 

Plaice,    - 

-       15 

Witch, 

12 

Lemon  Dab, 

-       10 

With  regard  to  the  other  point  of  the  investigation,  the  proportions  of 
the  fish  at  different  sizes  and  weights  which  are  landed,  I  have  for  a 
considerable  time  past  devoted  attention  to  this  subject,  and  have 
measured  and  weighed  a  large  number  of  fishes,  amounting  in  the 
&gg^g&t;o  to  over  twenty  tons,  as  they  are  landed  and  sold.  With  some 
kinds  the  average  size  and  the  limits  of  size  are  very  regular,  and  these  as 
a  rule  belong  to  the  more  important  species.  The  information  thus 
obtained  as  to  the  size  and  weight  of  the  various  classes  of  fish  enables 
a  close  approximation  to  be  made  as  to  the  proportion  of  the  mature  and 
immature,  and  thus  a  comparison  instituted  between  these  results  and 
the  observations  made  on  board  the  trawlers  on  the  same  subject.  Tables 
containing  the  particulars  of  the  size  and  weight  of  the  fish  referred  to 
will  be  found  appended  to  this  paper  (p.  89),  and  other  information 
relative  to  the  size  and  weight  is  given  in  a  paper  on  the  rate  of  growth 
of  fishes  {see  p.  142). 

I  have  therefore  made  a  series  of  calculations  to  show  the  proportion 
of  the  mature  and  the  immature  fishes  of  certain  kinds  caught  by 
trawlers,  the  data  being  contained  in  the  Tables  and  in  preceding  reports 
of  the  Fishery  Board,  particularly  the  paper  above  referred  to,  and  the 
limit  of  size  between  the  two  classes  being  the  biological  one 
as  defined. 

There  are  marked  differences  in  the  proportions  among  different  fishes. 
As  already  stated  in  the  case  of  the  dab,  all  those  which  are  marketable 
are  of  mature  size ;  no  immature  individuals  of  this  species  are,  therefore, 
landed.  Among  plaice,  all  those  classed  as  large,  or  firsts,  are  of  adult 
size,  while  all  those  belonging  to  the  third,  or  small,  class  are  under  the 
biological  size  and  are  immature.  Among  mediums  a  certain  proportion 
are  immature,  rather  under  one  half  in  number  being  under  the  limit  of 
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maturity.  When  calculated  out  it  is  found  that  approximately  24  per  cent., 
or  about  one  quarter  of  the  total  marketable  plaice,  by  weight,  are  under 
the  limit  or  immature.  The  proportion  with  the  plaice  varies  greatly 
according  to  the  depth  of  water,  and  the  figure  given  offers  a  contrast  to 
what  obtains  in  the  southern  and  eastern  parts  of  the  North  Sea. 

Among  lemon  dabs  all  those  classed  as  large,  or  firsts,  are  over  the 
biological  limit  of  maturity,  but  a  fair  proportion  of  the  second  class,  or 
smalls,  are  immature,  the  percentage  being  about  seven  for  the  total 
weight  of  the  marketable  fishes. 

iAjnong  witches,  all  those  classed  as  firsts,  or  large,  are  over  the  limit 
of  maturity,  and  have  either  spawned  or  are  large  enough  to  do  so. 
Among  the  class  of  seconds,  which  range  in  size  from  a  little  over  8 
inches  to  about  14  inches,  with  an  average  length  of,  approximately, 
11^  inches,  a  considerable  proportion  are  below  the  size  of  maturity,  but 
the  percentage  of  the  immature,  by  weight,  of  the  total  number  of  market- 
able witches  is  only  about  15. 

From  the  large  size  at  which  the  cod  first  attains  maturity^  the 
proportion  of  the  immature  that  are  marketable  is  very  considerable. 
Among  boxed  codlings  one  often  finds  a  few  which  are  over  the 
biological  size  at  maturity,  and  measuring  as  much  as  28  inches,  the 
selection  as  cod  or  codling  on  the  part  of  the  men  on  board  the  trawlers 
often  depending  on  the  meagre  or  fat  condition  of  the  fish,  as  well  as  on 
its  length.  Of  all  the  cod  and  codling  landed  about  30  per  cent.,  by 
weight,  are  below  the  biological  size  of  maturity. 

With  haddocks  and  whitings  it  is  very  different,  since  the  market- 
able size  approximates  to  the  size  at  which  the  fishes  first  become 
mature.  The  calculations  in  regard  to  haddocks  show  that  the 
proportion  of  the  marketable  which  are  immature  is  very  small, 
amounting  to  only  about  1  per  cent,  of  the  total  quantity  landed.  This 
\b  much  under  what  one  might  expect  from  the  statements  made  as  to 
the  large  quantities  of  undersized  haddocks  sometimes  landed,  but  it  is 
the  result  of  careful  observations  on  a  large  number  of  fiishes,  both  in 
regard  to  size  and  weight.  All  the  medium  and  large  haddocks,  or  firsts 
and  seconds,  landed  are  above  the  mature  size,  and  the  great  majority 
also  of  the  small  haddocks,  or  thirds. 

With  the  whiting  the  proportion  of  the  immature  among  marketable 
fishes  is  still  less,  and  the  quantity  of  small,  or  second  class,  whitings 
brought  to  market  by  trawlers  is  inconsiderable,  while  the  proportion 
among  those  which  are  under  the  biological  size  of  maturity  is  also 
fractional.  It  may  be  said  that  practically  all  the  whitings  marketed  by 
trawlers  are  of  adult  size. 

It  must  be  borne  in  mind  in  connection  with  this  subject  that  the 
limit  taken  is  a  biological  one,  having  reference,  not  to  the  size  of  the 
fish  from  the  market  point  of  view,  but  with  reference  to  reproduction. 

With  regard  to  the  numbers,  as  apart  from  the  weight,  the  calculations 
show  that,  taking  the  mean  of  several  years,  the  following  represents 
approximately  the  total  numbers  of  the  fish  of  the  kinds  named  which 
are  brought  to  Aberdeen  market:— Cod,  including  codling,  4,575,000; 
haddocks,  110,000,000;  whitings,  15,000,000;  plaice,  2,400,000;  lemon 
dabs,  1,600,000;  witches,  3,900,000;  and  dabs,  260,000. 

Invkstioations  in  thb  Moray  Firth  and  Aberdeen  Bay. 

I. 

The  first  of  the  series  of  investigations  was  made  in  the  Moray  Firth 
in  February,  the  steam  trawler  employed  being  the  "  Ben  Edra,"  the  trip 
extending  from  the  7th  to  the  13th ;  nineteen  hauls  of  the  net  were 
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recorded.  The  places  visited  were  Burghend  Bay,  where  most  of  the 
hauls  were  taken,  off  Oromarty,  the  Dornoch  Firth,  and,  on  the  13th, 
Aberdeen  Bay.  The  quantity  of  fish  caught  was  not  very  greats  haddocks 
particularly  being  comparatively  scarce. 

The  first  haul  was  made  off  Burghead  Bay,  about  four  miles  N.N.W. 
of  Burghead  light,  in  from  seventeen  to  twenty  fathoms,  and  it  lasted  for 
four  hours  and  fifteen  minutes.  The  aggregate  number  of  fishes  caught 
was  only  228,  of  which  173  were  marketable  and  fifty-five  unmarketable. 
They  included  only  five  haddocks,  all  marketable,  eight  cod,  fifty  plaice^ 
and  ninety-f  our  witches,  all  marketable  but  eight.  The  next  drag  was  a  little 
more  productive,  692  fishes  being  caught  in  the  four  hours  it  lasted.  Of 
these  463  were  marketable  and  229  unmarketable.  They  included  forty- 
two  haddocks,  all  marketable,  fourteen  cod,  a  halibut,  three  brill,  one 
turbot,  128  plaice,  and  191  witches,  as  well  as  fourteen  lemon  dabs,  two 
cat-fish,  and  nine  skates.  Other  six  hauls  were  made  in  the  same 
locality,  but  in  rather  deeper  water,  and  they  were  somewhat  more  pro- 
ductive. The  first  of  these  was  in  from  eighteen  to  twenty-five  fathoms, 
Burghead  light  bearing  from  four  to  five  miles  S.S.E.,  and  it  lasted  for 
four  hours  and  five  minutes.  The  number  of  fishes  obtained  was  725,  of 
which  476  were  marketable  and  249  unmarketable.  The  former  included 
eighty-eight  haddocks,  twenty-three  cod,  fifty-five  codling,  twenty-one 
plaice,  thirty-eight  lemon  dabs,  and  197  witches,  as  well  as  a  few  cat-fish 
and  skates.  The  next  haul,  a  little  further  off  in  somewhat  deeper  water — 
from  twenty  to  thirty  fathoms — lasted  for  four  hours  and  twenty  minutes, 
the  aggregate  catch  being  larger,  namely,  1029  fishes,  of  which,  however, 
a  larger  proportion  were  unmarketable.  The  marketable  fishes  numbered 
586,  the  increase  being  chiefly  in  cod,  plaice,  and  witches.  The 
unmarketable  consisted  of  whitings,  common  and  long  rough  dabs,  and 
herrings,  of  which  seventy-four  were  taken,  showing  that  a  considerable 
shoal  was  present  on  the  ground. 

The  other  hauls  in  this  locality  were  rather  less  productive,  and  they 
were  all  characterised  by  the  presence  of  cod,  plaice,  and  especially 
witches,  and  the  comparative  scarcity  of  haddocks,  particularly  small 
haddocks. 

In  the  foUowing  Table  are  given  the  numbers  of  the  various  species  of 
fishes  taken  in  this  locality,  the  marketable  being  distinguished  from  the 
unmarketable.  One  of  the  haub  in  the  deeper  water  in  which  the  net 
got  fouled  is  omitted. 


Plaice. 

Common 
Dab. 

Witch. 

Floun- 
der. 

Lemon 
Dab. 

Halibut 

Turbot 

Brm. 

I. 
II. 

495 

• 

125 
861 

1,699 
189 

• 

• 

73 

• 

1 

• 

1 

• 

6 

• 

Total 

495 

986 

1,888 

• 

73 

1 

1 

5 

Long 

Rough 

Dab. 

Cod. 

Codling. 

Haddock. 

Whiting. 

Coal-fish. 

ling. 

I. 
II. 

■ 

653 

154 

117 
11 

393 
11 

49 
150 

20 

1 

8 

Total 

653 

154 

128 

1 

404 

199 

21 

8 

[Continued. 
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Cat-fish. 

Gnmard. 

Grey 

Skate. 

Thorn- 
back. 

Starry 
Ray. 

Angler. 

I. 
II. 

4 

• 

• 

1 

• 

6 

14 
2 

11 
9 

105 
202 

Total 

4 

1 

6 

16 

20 

807 

There  were  also  taken  in  these  hauls  one  dragonet,  seyenty-seven 
herrings,  and  two  red  gurnards.  The  aggregate  number  of  fishes  taken  in 
the  seven  hauls,  the  time  of  actual  fishing  being  thirty  hours,  was  5445  ; 
the  average  number  caught  per  hour  was  thus  181*5.  The  marketable 
fishes  numbered  3269,  with  an  average  per  hour  of  109  0,  and  the 
unmarketable  2176,  with  an  average  of  72*5.  The  fish  caught  in  largest 
numbers  was  the  witch,  viz.  1888,  the  average  per  hour's  fishing 
being  62*9. 

The  next  few  hauls  were  taken  in  the  same  locality  but  further  to  the 
west  towards  Cromarty,  in  water  from  twenty-five  to  thirty  fathoms  deep, 
and  on  a  muddy  bottom.  In  the  first  of  these  1840  fishes  were  procured, 
1125  being  marketabl&  More  than  half  of  these  were  witches,  viz. 
826,  and  haddocks  were  also  more  abundant  than  in  the  previous  hauls, 
thornbacks  and  starry  rays  being  also  more  numerous.  The  same  features 
characterised  the  remainder  of  ti^e  hauls  here,  and  a  considerable  number 
of  cod  were  obtained. 

The  next  drag  was  for  four  hours  and  fifteen  minutes,  but  the  net  was 
badly  torn,  and  the  catch  amounted  to  only  355  fishes,  of  which  208  were 
marketable.  The  succeeding  two  hauls  were  more  productive,  the 
number  of  fishes  taken  in  one  of  them  being  1160,  and  in  the  other  2117, 
the  marketable  and  unmarketable  numbering  respectively  688  and  1158, 
witches  being  in  each  case  the  most  abundant. 

Other  two  hauls  were  made  a  little  closer  in  to  Burghead  Bay,  1515 
and  2009  fishes  being  obtained,  the  majority  again  consisting  of  witches. 
Altogether  in  this  locality  fourteen  drags  were  taken.  In  one  of  these  the 
net  was  fouled  and  in  another  it  was  badly  torn,  and  the  results  from 
these  hauls  may  be  excluded.  The  total  duration  of  the  actual  fishing 
of  the  remaining  twelve  drags  was  fifty-two  hours,  and  the  aggregate 
number  of  fishes  taken  was  14,072,  or  an  average  of  270*6  per  hour's 
fishing ;  the  marketable  fishes  numbered  7815,  or  an  average  of  150*3  per 
hour,  and  the  unmarketable  6257,  the  average  being  270*6.  In  the  total 
were  included  11,600  flat-fishes,  5992  being  marketable  and  5608 
unmarketable.  The  most  common  was  the  witch,  of  which  5819  were 
caught  (4987  marketable);  the  common  dabs  numbered  2991  (all 
unmarketable  but  203),  and  there  were  1988  long  rough  dabs.  The 
quantity  of  plaice  taken  was  moderate,  viz.  707,  and  all  were  marketable ; 
only  eighty-seven  lemon  dabs  were  caught,  and  all  these  were  also  taken  to 
market  One  black  or  common  sole  was  obtained,  a  fish  which  is  very 
rare  on  the  east  coast.  Haddocks  and  whitings  were  poorly  represented, 
933  of  the  former  and  263  of  the  latter  being  the  whole  number. 
Only  eleven  of  the  haddocks  were  too  small  to  be  taken  to  market — a 
great  contrast  to  what  usually  obtains  in  these  waters.  The  cod 
numbered  286,  and  the  marketable  codlings  208  ;  there  were  also  twenty- 
five  codlings  too  small  to  be  marketable.  Among  211  skates  and  rays 
were  six  grey  skates,  seventy-six  thornbacks,  124  starry  rays  and  five 
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sandy  rays.  The  number  of  anglers  caught  was  exceptionally  large,  being 
431 — 160  of  them  being  taken  to  market.  Eighty -three  herrings  were 
taken,  moat  of  them  in  one  haul,  and  also  twelve  sprats. 

During  most  of  the  time  of  fishing  at  Burghead  and  between  it  and 
Cromarty  the  wind  had  been  blowing  with  fair  strength,  although  variable 
in  direction.  On  the  10th  it  increased  in  force,  and  a  shift  was  made  to 
the  Dornoch  Firth,  where  four  hauls  were  made  in  from  about  six  to 
twelve  fathoms.  The  quantity  of  fish  caught  was  small,  the  total  in  each 
of  three  of  them  being  only  a  little  over  four  hundred  of  all  kinds  ;  in  one 
it  amounted  to  710.  Few  haddocks,  cod,  or  whitiug  were  obtained,  the 
bulk  of  the  catch,  such  as  it  was,  consistiug  of  plaice.  A  considerable 
number  of  flounders  were  taken,  nearly  all  of  large  size  and  engaged  in 
spawning,  the  four  hauls  yielding  215. 

The  total  number  of  fishes  got  in  the  four  drags  in  the  Dornoch  Firth — 
the  actual  time  of  fishing  being  seventeen  hours  and  ten  minutes — was 
2027,  whicb  represents  an  average  per  hour  of  118*0.  The  marketable 
amounted  to  1476,  or  an  average  of  86*0  per  hour,  and  the  unmarketable 
551,  or  an  average  of  32*1  per  hour.  The  flat-fishes  greatly  exceeded  the 
round-fishes  in  number,  there  being  1798  of  them  and  only  203  of  the 
latter.  Plaice  were  the  most  abundant,  and  after  them  common  dabs. 
Only  102  haddocks  were  got,  none  of  them  unmarketable,  and  six  whitings, 
all  of  which,  except  one,  were  unmarketable.  The  paucity  of  small 
haddocks  during  the  whole  period  of  fishing  on  this  occasion  is 
noteworthy. 

Only  one  recorded  haul  in  Aberdeen  Bay  was  made  on  this  trip, 
and  the  number  of  fishes  taken  was  still  less  than  in  the  Moray  Firth. 
The  haul  lasted  for  four  hours,  and  155  fishes  were  caught,  of  which  only 
thirty-five  were  marketable.  These  comprised  one  cod,  thirteen  codling, 
fifteen  haddocks,  three  plaice,  two  lemon  dabs,  and  one  flounder,  the 
unmarketable  consisting  chiefly  of  whitings  and  common  dabs. 

The  aggregate  total  of  fishes  taken  and  recorded  in  the  seventeen  hauls 
in  February  was  16,268,  of  which  9340  were  marketable  and  6298 
unmarletable.  The  total  of  flat-fishes  was  13,455,  and  of  round 
fishes  2016. 

The  quantity  of  fish  landed  at  the  market  by  the  vessel,  as  recorded 
by  the  Fbhery  Officer,  amounted  to  47  J  cwts.,  as  follows  : — 

Cod.    CJodling.    Ling.  Coal-fiah.   Haddock.    Whiting.    Turbot.    Brill.    Lemon  Dab. 
7i  2  i  6  2i  i  i  §  \ 


laice. 

Dabs. 

Witches. 

Cat-fish. 

Flounder. 

Angler. 

Skate. 

14 

1 

^ 

li 

1 

2 

II. 

The  next  series  of  trawlings  was  made  in  March  on  board  the 
"  Devanha,"  the  catches  being  again  recorded  by  Mr.  James  Ingram,  jun. 
In  all,  twenty  two  recorded  hauls  were  made,  three  in  Aberdeen  Bay  on 
the  16th,  three  in  Burghead  Bay  on  the  17th  and  18th,  four  in  the 
Dornoch  Firth,  five  on  Smith  Bank  off  the  coast  of  Caithness,  four  off 
Lossiemouth  on  the  20th,  and  three  off  Tarbet  Ness  on  the  21st 
and  22nd. 

In  Aberdeen  Bay  there  was  a  heavy  sea,  with  a  S.S.E.  wind,  and  the 
catches  were  poor.  The  first  haul  here,  in  from  thirteen  to  nineteen 
fothoms  off  Newbnrgh,  lasted  for  four  hours,  and  514  fishes  were 
captured,  478  being  marketable  and  thirty-six  unmarketable.  They 
included  123  cod  and  195  marketable  codling,  as  well  as  184  plaice — 
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all  but  twenty-eight  marketable ;  but  only  four  haddocks  were  taken. 
The  second  drag  in  the  same  locality,  and  lasting  for  four  hours  and 
twenty  minutes,  yielded  only  205  fishes,  of  which  121  were  marketable 
and  eighty-fonr  unmarketable.  In  this  haul  only  eight  cod  and  four 
codling  were  taken,  but  there  were  ninety-two  haddocks — all  but  eight 
marketable ;  the  plaice  numbered  twenty-two,  and  there  were  a  number 
of  small  skates. 

A  third  drag  was  made  off  Newburgh  to  Donmouth  for  four  hours  and 
five  minutes,  in  from  eight  to  sixteen  fathoms,  and  the  catch  amounted 
to  375  fishes,  269  of  which  were  marketable  and  106  unmarketable. 
There  were  included  in  it  forty-seven  cod  and  1 26  marketable  codlings, 
a  coal-fish,  145  plaice  (ninety-two  marketable),  as  well  as  a  number  of  un- 
marketable dabs,  flounders,  and  skates.     Only  three  haddocks  were  taken. 

In  the  three  drags  in  Aberdeen  Bay,  the  time  of  the  fishing  being 
twelve  hours  and  twenty-five  minutes,  only  1094  fishes  were  caught,  the 
average  per  hour's  fishing  being  88' 1.  The  marketable  numbered  868, 
with  an  average  number  per  hour  of  69*9,  and  the  unmarketable  226, 
with  an  average  of  18*2.  The  total  number  of  haddocks  caught  was 
ninety-nine,  and  of  whitings,  seven.  The  following  Table  gives  the 
particulars  of  the  marketable  and  unmarketable  : — 


Plaice. 

Common 
Dab. 

Flounder. 

Witch. 

Lemon 
Dab. 

Cod. 

Codling. 

I. 
II. 

Total 

2d8 
88 

88 

• 
14 

• 

4 

4 

• 

178 

825 

• 

351 

33 

14 

4 

4 

178 

825 

Haddock. 

Whiting. 

Coal-fish. 

Giimard. 

Grey 

Skate. 

Thom- 
back. 

Starry 
Ray. 

I. 
II. 

Totol 

91 
8 

7 

2 

• 

1 

17 

• 

67 

• 
1 

99 

7 

2 

1 

17 

57 

1 

A  lumpsucker  was  also  taken  in  one  of  the  hauls.  These  fish  are  occa- 
sionally caught  in  the  trawl  net  near  shore  in  spring,  during  their  £awn- 
ing  time. 

The  vessel  then  steamed  to  the  Moray  Firth,  visiting  first  the  south 
coast. 

At  Burghead  Bay  the  catches  were  not  very  productive,  comparatively 
few  marketable  fishes  being  got  except  plaice.  The  first  drag,  which 
lasted  for  three  hours  and  fifty  minutes,  in  from  seven  to  twelve 
fathoms,  yielded  a  total  of  652  fishes,  439  being  marketable  and  ^13 
unmarketable.  The  former  comprised  four  cod,  three  codling,  only  two 
haddocks,  no  whitings,  one  turbot,  eleven  brill,  329  plaice,  seventy  com- 
mon dabs,  fourteen  flounders,  three  cat-fishes,  and  two  anglers — the 
unmarketable  consisting  almost  entirely  of  dabs.  In  the  second  haul, 
which  lasted  for  four  hours  and  fifteen  minutes,  705  fishes  were  got,  of  which 
316  were  marketable,  the  majority  consisting  of  plaice.  Twenty-eight 
akates  and  rays  were  taken,  ten  being  marketable,  and  three  herrings. 
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The  third  drag  was  more  productiye,  948  fishes  being  taken— 607 
marketable  and  341  unmarketable;  it  lasted  for  four  hours.  The  bulk 
of  the  catch  was  composed  of  plaice  and  common  dabs,  469  of  the  former 
and  398  of  the  latter ;  all  the  plaice  except  forty-three  were  marketable, 
and  137  of  the  dabs. 

Altogether  the  number  of  fishes  obtained  in  the  three  drags  in  Burg- 
head  Bay  aggregated,  for  the  twelve  hours  and  five  minutes  of  actual 
fishing,  2305,  of  which  1362  were  marketable  and  943  unmarketable. 
The  flat-fishes  greatly  preponderated,  2087  being  caught,  against  only  121 
round-fishes.  Among  the  flat-fishes  1314  were  taken  to  market  and  773 
thrown  overboard,  while  only  thirty-one  of  the  round-fishes  were  market- 
able, the  marketable  haddocks  numbering  two,  and  there  were  no  market- 
able whitings.  The  plaice  caught  numbered  1024,  all  but  forty- three 
being  taken  to  market.  The  productiveness  of  the  grounds  in  Burghead 
Bay  on  this  occasion  was  shown  by  the  number  taken  per  hour's  actual 
fishing,  which  was  190*8  for  all  kinds  of  fish — 112*7  for  the  marketable 
and  78*1  for  the  unmarketable.  The  average  for  the  marketable  plaice 
was  81*2  per  hour's  fishing. 

The  particulars  of  the  marketable  and  unmarketable  fishes  are  as 
follows :  — 


Plaice. 

Common 
Dab. 

Flounder. 

Lemon 
Dab. 

Turbot. 

BriU. 

Cod. 

Codling. 

I. 
II. 

Total 

981 
43 

263 
729 

39 

• 

10 

• 

1 

• 

20 

1 

7 

■ 

18 
4 

1,024 

992 

89 

10 

1 

21 

7 

17 

Had- 
dock. 

Whiting. 

Cat-fish. 

Goraard. 

Angler. 

Thorn- 
back. 

Starry 
Ray. 

Sandy 
Ray. 

I. 
II. 

Total 

2 
45 

• 

40 

9 

• 

1 

2 
87 

7 
16 

5 
14 

8 
5 

47 

40 

9 

1 

39 

23 

19 

8 

There  were  also  taken  in  these  hauls  seven  herrings  and  one  lump- 
sucker. 

After  leaving  Burghead  Bay  the  vessel  steamed  to  the  Dornoch  Firth, 
where  four  hauls  were  made  in  the  usual  locality,  in  sweeps  around  the 
bay  opposite  Dunrobin,  Golspie,  and  £mbo,  the  depth  of  water  being 
from  about  eight  to  sixteen  fathoms.  In  the  first  haul,  which  lasted 
for  four  hours  and  five  minutes,  999  fishes  were  taken,  of  which  822 
were  marketable  and  177  unmarketable.  The  marketable  fishes  com- 
prised twenty-four  cod,  369  plaice,  seventy-one  common  dabs,  317 
flounders,  as  well  as  ten  cat-fish,  three  lemon  dabs,  and  eighteen  skates  and 
rays.  Round-fishes  continued  to  be  very  scarce,  only  two  haddocks  and 
a  single  whiting  being  caught  The  second  drag  was  a  very  poor  one, 
only  229  fishes  being  obtained,  of  which  148  were  marketable.  There 
were  fifty-seven  plaice,  sixteen  cod,  twelve  common  dabs,  and  fifty-two 
flounders.  Three  herrings  and  twenty-two  sprats  were  also  taken.  The 
next  haul  was  better,  a  hundred  cod  and  110  marketable  codling,  as  well 
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88  174  plaice,  eleven  lemon  dabs,  and  a  number  of  common  dabs  and 
flounders,  being  caught.  In  the  fourth  drag  the  net  got  badlj  split,  and 
the  catch  was  small,  amounting  to  only  160  fishes,  111  being  marketable. 
It  however  included  thirty-eight  cod  and  forty-seven  marketable  plaice. 

Omitting  this  imperfect  haul,  the  total  number  of  fishes  taken  in  the 
other  three  drags  in  the  Dornoch  Firth  was  2066,  of  which  1470  were 
marketable  and  596  unmarketable.  The  duration  of  the  fishing  in  these 
drags  was  twelve  hours  and  fifteen  minutes,  and  the  averages  per  hour's 
fishing  were  therefore  as  follows : — 1200  for  the  marketable,  48*7  for  the 
unmarketable,  and  168*7  for  both  included.  The  average  for  plaice  was 
49*0  per  hour.  The  three  hauls  yielded  140  cod,  but  only  seven  had- 
docks and  a  single  whiting,  all  marketable.  The  absence  of  small  had- 
docks and  whitings  both  here  and  at  Burghead  Bay  was  remarkable,  and 
formed  a  striking  contrast  to  what  obtained  later  in  the  year. 

The  numbers  of  marketable  and  unmarketable  fishes  caught  in  the 
three  drags  in  the  Dornoch  Firth  are  as  follows : — 


Fiaico. 

CommoD 
Dab. 

Flounder. 

Lemon 
Dab. 

Brill. 

Cod. 

Codling. 

Had- 
dock. 

I. 
II. 

Total 

600 

8 

128 
509 

420 
48 

16 

• 

2 

• 

140 

• 

115 

• 

7 

• 

608 

687 

468 

16 

2 

140 

115 

7 

Whiting, 

Cat-fish. 

Angler. 

Grey 

Skate. 

Thorn- 
bock. 

Starry 
Ray. 

Sandy 
Ray. 

I. 
11. 

Total 

1 

• 

14 

• 

• 

2 

1 

• 

• 

22 

8 
2 

1 

• 

1 

14 

2 

1 

22 

5 

1 

There  were  also  caught  three  herrings,  twenty-two  sprats,  and  two 
lampeuckers. 

On  leaving  the  Dornoch  Firth  the  vessel  ran  to  Smith  Bank,  where 
^JQ  hauls  were  made  on  the  western  edge  in  from  about  nineteen  to 
twenty-eight  fathoms  of  water,  and  here  much  better  results  were 
obtained  than  in  the  localities  above  described.  The  first  haul,  which 
lasted  for  four  hours,  yielded  726  fishes,  of  which  262  were  marketable  and 
464  unmarketable.  The  catch  included  eleven  cod,  a  halibut,  forty  plaice, 
a  few  lemon  dabs  and  witches,  and  also  223  haddodut,  in  the  latter  respect 
thus  differing  from  the  catches  in  the  Dornoch  Firth  and  Burghead  Bay. 
Eighty-two  of  the  haddocks  were  too  small  to  be  marketable.  There 
were  also  117  gurnards,  a  fish  more  sparingly  represented  in  the  previous 
localities — at  this  season  it  is  only  found  in  any  number  in  the  deeper 
waters  ofEshore.  The  second  drag  was  better  than  the  first,  1016  fishes 
being  caught,  of  which  670  were  marketable.  They  included  thirty  cod 
574  haddocks,  sixty-nine  plaice,  fifty-eight  lemon  dabs,  and  seven  cat-fish. 
Seventy-five  of  the  haddocks  were  two  small  to  be  marketable. 

The  third  haul  produced  1934  fishes,  648  being  marketable  and  1286 
unmarketable.  On  this  occasion  haddocks  were  well  represented,  1379 
being  taken ;  no  less  than  973  of  these  were  too  small  to  be  marketable. 
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The  catch  included  twenty-eight  cod,  ninety  plaice,  111  lemon  dabs,  three 
cat-fish,  and  a  few  other  kinds.  The  fourth  and  fifth  hauls  were  not 
quite  so  good  as  regards  the  number  of  fish  caught.  In  the  first  of  them 
the  total  was  901,  of  which  only  166  were  marketable,  and  these  included 
sixty-two  cod,  forty-four  plaice,  fifty-two  lemon  dabs,  and  five  cat-fish. 
There  were  333  haddocks,  all  too  small  to  be  marketable,  and  126  whit- 
ings, of  which  only  one  was  marketable,  llie  number  of  fishes  in  the 
last  haul  was  still  less,  viz.  664,  and  all  except  100  were  unmarketable. 
Those  taken  to  market  comprised  twenty-three  cod,  fifty-four  plaice,  two 
coal-fish,  eleven  lemon  dabs,  and  a  few  others.  The  number  of  haddocks 
caught  was  127,  and  of  whitings  216,  but  all  the  latter  and  all  except 
three  of  the  haddocks  were  unmarketable. 

Altogether  in  the  five  hauls  in  this  locality,  the  time  of  actual  fishing 
being  twenty  hours  and  twenty-five  minutes,  5241  fishes  were  taken,  the 
average  per  hour's  fishing  being  256*7.  The  proportion  of  marketable 
was,  however,  not  largo,  owing  to  the  numbers  of  small  haddocks  and 
dabs;  the  number  was  1846,  the  average  per  hour  being  90*4,  while  there 
were  3395  unmarketable,  giving  a  ratio  of  166*2  per  hour. 

The  aggregate  number  of  flat-fishes  in  the  five  drags  was  1779,  569 
being  marketable  and  1208  (chiefiy  common  and  long  rough  dabs) 
unmarketable.  Plaice  were  most  numerous,  297  being  taken,  and  lemon 
dabs  next,  of  which  249  were  caught,  all  but  ten  marketable.  The 
aggregate  of  round-fishes  was  3395,  there  being  1268  marketable  and  2127 
unmarketable.  The  number  of  haddocks  was  2636,  and  1049  of  them 
were  marketable  and  1587  too  small  to  be  taken  to  market — a  consider- 
able proportion.  The  average  number  of  haddocks  taken  per  hour's  fish- 
ing was  1291. 

The  particulars  as  regards  the  marketable  and  unmarketable  of  each 
kind  are  given  in  the  following  Table : — 


Plaice. 

Com. 
Dab. 

Floun- 
der. 

Witch. 

Lemon 
Dab. 

HaUbut. 

Long 

Rouffh 

Dab. 

Brill. 

MLegrim 

I. 
II. 

Total 

297 

3 
826 

2 

• 

22 
44 

239 
10 

2 

• 

• 

328 

1 

8 

• 

297 

829 

2 

66 

249 

2 

328 

1 

8 

Cod. 

Codling. 

Had- 
dock. 

Whiting. 

Coal- 
fish. 

Ilake. 

Cat- 
fish. 

Gur- 
nard. 

Grey 

Skate. 

Thorn- 
back. 

I. 
II. 

Total 

154 

14 
22 

1,049 
1,687 

SO 
368 

4 

• 

• 

1 

17 

• 

• 

149 

8 
6 

1 
26 

154 

80 

2,636 

398 

4 

1 

17 

149 

14 

27 

There  were  also  caught  in  these  hauls  eighteen  (unmarketed)  anglers, 
one  dragonet,  and  nine  red  gurnards. 

The  next  place  examined  was  the  grounds  off  Lossiemouth,  where  four 
drags  were  made  on  the  20th,  in  from  about  seven  to  fourteen  fathoms  of 
water.  In  two  of  them  the  net  was  badly  torn,  and  the  catches  in 
these  cases  was  small,  and  may  be  neglected.  In  the  first  of  the  others 
the  total  number  of  fishes  caught  in  the  four  hours  during  which  the  drag 


of  tfie  Fishery  Board  for  Scotland.  27 

lasted  amounted  to  785,  and  of  these  556  were  marketable  and  229 
unmarketable.  Very  few  haddocks  were  obtained,  the  total  being  three, 
all  marketable ;  the  chief  fishes  were  cod,  of  which  fifty  were  got,  codling, 
plaice,  and  flounders.  In  the  other  haul  690  fishes  were  obtained,  570 
being  marketable.  On  this  occasion  also  the  marketable  fishes  consisted 
for  the  most  part  of  cod,  codling,  plaice,  and  flounders,  while  only  six 
haddocks  were  taken. 

The  aggregate  for  the  two  hauls  here,  the  actual  fishing  lasting  eight 
hours  and  fifteen  minutes,  was  1474,  or  an  average  per  hour  of  178*7. 
The  marketable  fishes  numbered  1126,  an  average  of  136'5  per  hour, 
and  the  unmarketable  348,  giving  an  average  of  422.  The  flat-fishes 
greatly  preponderated,  1134,  or  an  average  of  137*4,  being  caught,  as 
compared  with  327  round-fishes,  with  an  average  of  39*6.  All  the  round- 
fishes  were  marketable,  and  they  comprised  the  large  number  of  1 27  cod, 
172  codling,  five  coal-fish,  and  twelve  cat-fish,  but  only  nine  haddocks 
and  two  whitings.  Tlie  flat-fishes  included  524  plaice,  all  marketable 
except  nine  (the  average  of  the  former  being  62*4),  350  common  dabs, 
and  243  flounders. 

Although  the  catches  here  were  good,  the  fishing  was  carried  on  at  some 
expense  of  gear,  and  a  shift  was  made  to  the  north-east,  off  Tarbet  Ness, 
where  three  drags  were  taken  in  from  twenty  to  twenty-six  fathoms  of 
water.  In  the  first,  which  occupied  four  hours  and  thirty-five  minutes, 
only  222  fishes  were  taken,  174  marketable,  but  the  net  was  slightly  split. 
In  the  next  haul  449  were  oflught,  of  which  130  were  marketable,  and  in 
the  third  259,  the  marketable  numbering  161.  The  chief  fish  taken  in 
this  locality  was  cod,  142  being  obtained. 

Taking  the  two  perfect  hauls,  the  time  of  actual  fishing  being  eight 
hours  and  ten  minutes,  the  number  of  fishes  secured  was  708,  the  average 
per  hour  being  86*6.  The  number  of  marketable  was  291^  with  an  aver- 
age of  only  35*6,  and  the  unmarketable  417,  with  an  average  of  51*0 
The  total  included  137  plaice,  124  cod,  201  haddocks,  of  which  only 
sixteen  were  marketable,  sixteen  whitings,  all  unmarketable,  and  a  few 
others. 

The  quantity  of  fish  landed  from  this  trip  amounted  to  140|  cwts.,  as 
follows : — 

Ckxl.      Codling.      Ling.      Coal-fish.      Haddock.      Turbot.      Halibut.      BriU. 
81  5i  U  2  3^  i  i  i 


Lemon  Dab. 

Plaice. 

Dabe. 

M^rim. 

Flounder. 

Cat-fish. 

Skates. 

21 

28i 

H 

4* 

5 

5 

III. 

From  the  8th  to  the  13th  of  June  another  series  of  trawlings  was 
made  on  board  the  "  Drumblair,''  the  places  visited  being  £urghead  Bay, 
the  grounds  off  Lossiemouth,  the  Dornoch  Firth,  the  ground  off  Lybster, 
Smith  Bank,  and  Aberdeen  Bay,  twenty-two  hauls  being  recorded. 

The  fishing  in  Burghead  Bay,  where  three  drags  were  made  on  the 
8th  and  9tb,  was  very  poor,  the  total  number  of  fish  taken  being  only 
560,  of  which  203  were  marketable,  the  duration  of  the  fishing  being  six 
hours  and  forty  minutes.  In  one  of  the  hauls  the  net  was  slightly  torn, 
and  in  the  other  two,  lasting  for  four  hours  and  forty  minutes,  390  were 
caught,  125  of  them  being  marketable.  The  average  per  hour  at  this 
time  in  Burghead  Bay  was  84*1,  the  average  for  the  marketable  being 
only  30*5.  The  catch  consisted  chiefly  of  plaice  ;  only  one  cod,  two  cod- 
lings, a  single  haddock,  and  three  whitings  were  caught.     An  ex  plana- 
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tion  of  the  poor  takes  was  probably  tbe  very  large  quantity  of  weed 
which  was  found  in  the  net,  which  was  with  difficulty  deansed  of  it^ 
experience  showing  that  under  such  circumstances  fish  are  usually  scarce. 

On  leaving  Burghead  Bay  the  vessel  proceeded  to  the  ground  off 
Lossiemouth,  where  a  haul  was  made  in  from  eleven  to  fourteen  fathoms, 
about  three  miles  off.  The  net  was  hauled  in  fifty  minutes,  and  it  con- 
tained 278  fishes,  of  which  only  forty- one  were  marketable,  vie  forty 
plaice  and  one  black  or  common  sole.  The  unmarketable  fishes  num- 
bered 237,  and  consisted  of  common  dabs,  small  plaice,  and  gumardsy  of 
which  there  were  110.  The  weather  both  here  and  at  Burghead  Bay 
was  quite  calm,  the  sea  smooth,  and  there  was  a  slight  fog. 

The  vessel  then  steamed  to  the  Dornoch  Firth^  where  a  number  of  drags 
were  taken.  In  the  first,  which  lasted  for  only  twenty-eight  minuteii,  the 
net  having  caught  on  something  on  the  bottom,  ninety-five  fishes  were  taken, 
of  which  forty-one  were  marketable  and  fifty-four  unmarketable.  They 
consisted  mostly  of  plaice  and  common  dabs ;  only  one  haddock  was 
obtained,  and  there  were  no  whitings.  For  the  time  the  net  was  fishing 
the  catch  was  fairly  good,  and  a  "  dan  "  was  put  down  and  a  few  of  the 
succeeding  hauls  were  made  around  it.  In  the  first  of  these,  in  from 
five  to  eleven  fathoms,  and  in  two  hours  and  forty-two  minutes  actual 
fishing,  a  large  bag  of  fish  was  secured.  The  total  number  of  fishes  was 
4928,  of  which  1555  were  marketable  and  3373  unmarketable.  With 
the  exception  of  fifty  gurnards  and  twenty-four  thombacks,  they  were 
all  flat-fishes  and  nearly  all  plaice.  These  i\nmbered  no  less  than  4638, 
of  which  1525  were  marketable  and  3113  unmarketable;  the  former 
consisted  of  eleven  "  large,''  205  ''mediums,''  370  "small,"  and  939 
"fourths/'  The  small  unmarketable  plaice  measured  from  three  and 
three-quarter  inches  up  to  ten  inches  in  leugtL  The  catch  also  included 
four  brill  and  six  flounders. 

In  the  next  recorded  haul,  on  the  same  ground  and  lasting  for  four 
hours,  4859  fishes  were  taken,  of  which  1318  were  marketable  and  3541 
unmarketable.  The  great  bulk  again  consisted  of  plaice,  which  numbered 
4517,  and  of  these  1211  were  marketable  and  3306  unmarketable.  The 
other  marketable  fishes  included  one  turbot,  one  brill,  eighty-five  common 
dabs,  one  lemon  dab,  and  nineteen  thornbacks.  The  small  "ofi&l" 
plaice  were  of  the  same  sizes  as  in  the  former  haul,  and  their  great 
abundance  showed  how  destructive  the  otter -trawl  may  be  on  such 
shallow-water  grounds  in  certain  cases.  In  the  two  hauls  forty-three 
thornbacks  were  got,  and  the  males  greatly  preponderated.  In  fifty-six 
examined  from  these  and  other  catches,  there  were  fifty-one  males  and 
only  five  females — a  proportion  the  reverse  of  what  usually  obtains.* 
The  larger  and  medium-sized  gurnards  were  spawning,  and  they  were 
found  to  be  feeding  on  shore-crabs. 

Owing  to  the  quantity  of  small  plaice  taken,  it  was  decided  to  shift  a 
little  further  out  so  as  to  avoid  the  shallow  water,  and  the  result  was  immedi- 
ately apparent.  In  the  first  haul  made  here,  in  from  nine  to  thirteen 
fathoms,  the  "  bag "  was  not  so  large,  but  the  fish  were  of  better  size. 
The  haul  lasted  for  four  hours  and  two  minutes,  and  the  fishes  caught 
numbered  1144,  of  which  432  were  marketable  and  712  unmarketable. 
The  former  included  412  plaice,  of  a  total  of  1105,  the  large  numbering 
twenty-eight,  the  medium  fifty-eight,  the  small  110,  and  the  fourths  216. 
There  were  aUo  two  cod,  ten  common  dabs,  two  flounders,  one  cat-fish, 
and  five  thornbacks.  The  fourth  class  of  marketable  plaice  consisted  of 
fish  measuring  from  23  centimetres  (nine  inches)  to  a  little  over  31  centi- 
metres (twelve  and  a  half  inches),  and  the  unmarketable  from  19*8  om. 

*  Tivtntg'frst  Annvcd  Report,  Part  III.,  p.  280. 
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(seven  and  three-quarter  inches)  to  about  23'5  cm.,  or  nine  and  a  quarter 
inches  ;  a  few  were  a  little  larger.  The  selection  of  the  various  classes 
by  the  men,  being  solelj  by  the  eye,  is  never  perfect,  one  class  always 
overlapping  another  more  or  less. 

A  number  of  other  hauls  were  made  on  this  ground  with  the  same 
general  results,  the  marketable  fishes  consistiDg  of  plaice  and  scarcely  any- 
thing else,  round-fishes,  with  the  exception  of  gurnards,  being  almost 
absent.  During  the  time  in  the  Dornoch  Firth  the  weather  was 
very  favourable  for  fishing  operations  on  the  whole,  though  on  the  10th 
there  was  some  wind  from  the  east,  which  made  the  sea  a  little  choppy, 
causing  the  vessel  to  roll. 

In  the  ten  recorded  hauls  in  the  somewhat  deeper  water,  from  eight  to 
thirteen  fathoms  and  mostly  from  eight  to  eleven,  the  time  of  actual 
fishing  being  thirty-eight  hours  and  thirty-two  minutes,  the  aggregate 
number  of  fishes  captured  was  7613,  of  which  3565  were  marketable  and 
4046  unmarketable.  They  consisted  mostly  of  flat-fishes,  and  chiefly  of 
plaice,  the  former  numbering  7316,  and  the  round-fishes,  nearly  all 
gurnards,  only  279.  The  average  per  hour's  fishing  was  92*5  for  the 
marketable,  and  105*0  for  the  unmarketable,  the  general  average  for  both 
combined  being  197*5.  Only  five  cod,  two  (unmarketable)  codlings,  thirty- 
two  haddocks,  all  marketable,  were  taken,  and  not  a  single  whiting.  The 
plaice  numbered  6680,  of  which  3450  were  marketable  and  3230 
unmarketable,  the  respective  averages  per  hour's  fishing  being  89*5  and 
83  8  for  the  marketable  and  unmarketable,  and  173*3  for  both  together. 

In  the  two  first  hauls  in  the  somewhat  shallower  water  above  described 
a  greater  number  of  fishes  were  captured  in  the  six  hours  and  forty-two 
hours  of  fishing,  viz.  9787,  the  average  per  hour  being  1460*7 ;  the 
marketable  numbered  2873,  with  an  average  of  428*7,  and  the  unmarket- 
able 6914,  with  an  average  of  1032*0.  The  number  of  plaice  in  these 
two  hauls  was  9155,  the  average  per  hour  being  1366*4 ;  the  marketable 
amounted  to  2736,  with  an  average  of  408*4,  and  the  unmarketable  to 
6419,  with  an  average  of  958*0.    These  numbers  are  very  rarely  reached. 

The  number  of  marketable  and  unmarketable  fishes  taken  in  the  twelve 
hauls  was  as  follows : — 


Plaice. 

Com. 
Dab. 

Floun- 
der. 

Brill 

Turbot 

Lemon 
Dab. 

Cod. 

Codling. 

. 
2 

L 
IL 

Total 

6,186 
9,649 

141 
963 

11 
3 

7 

1 

• 

1 

• 

5 

15,835 

1,101 

14 

7 

1 

1 

5 

2 

Haddock. 

Hake. 

Cat-fish. 

Gurnard. 

Anglor. 

Thorn- 
back. 

Sprat. 

I 
II. 

Total 

82 

• 

1 

• 

5 

• 

• 

234 

• 

8 

50 
7 

• 

1 

32 

1 

5 

234 

8 

57 

1 

It  18  of  interest  to  contrast  the  proportions  in  which  the  plaice  of 
different  sizes  were  caught  in  the  two  hauls  in  the  shallower  water  and  in 
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the  ten  in  a  little  deeper  water  on  this  occasion  ;  and  in  the  appended 
Table  I  give  the  percentage  of  each  size  to  the  total,  and  the  average 
number  taken  in  each  hour's  fishing  in  the  two  cases  respectively.  The 
two  hauls  are  indicated  by  A  and  the  ten  by  B. 


Large. 

Medium, 

Small  or 
Thirds. 

Fourths. 

Unmarkoi- 
able. 

A 

B 

No. 
No. 

27 
174 

329 
775 

681 
1,179 

1,699 
1,322 

6,419 
3,230 

A 

B 

Percant- 
ago. 

0-29 
2-60 

8-59 
11-60 

7-43 
17-65 

18-55 
19-80 

70-11 
48-8 

A 
B 

No.  per 

Hour's 

Fisliing. 

4-0 
4-5 

49-1 
20-1 

101-6 
30-6 

253-6 
S4-3 

958-0 
83-8 

It  will  be  seen  how  much  greater  the  proportion  of  small  plaice,  under 
about  ten  inches,  is  in  the  former  case  than  in  the  latter.  The  actual 
abundance  on  the  ground,  as  shown  by  the  average  per  shot,  indicates  that 
while  the  large  plaice  were  nearly  equally  distributed,  the  medium 
plaice,  and  still  more  markedly  those  still  smaller,  were  far  more  numerous 
in  the  shallower  water.  Nevertheless  it  will  be  observed  that  the  largest 
average  in  each  case  is  for  the  unmarketable  fish,  that  is,  under  about 
nine  and  a  half  or  ten  inches. 

Two  hauls  with  the  small-meshed  net  around  the  cod-end  were  made 
in  the  Dornoch  Firth.  In  the  first,  which  was  for  an  hour  and  twenty- 
eight  minutes,  it  was  found  on  getting  the  trawl  up  that  the  fine  net  had 
been  holed.  The  total  number  of  fishes  taken  was  143,  belonging  to 
eleven  species,  as  follows : — Plaice  55,  common  dab  38,  lemon  dab  2,  Uttle 
or  yellow  sole  3,  cod  10,  haddock  I,  gurnard  14,  cat-fish  1,  sand-eel  16, 
goby  1,  gemmeous  dragonet  2.  In  the  second  haul,  which  lasted  for  an 
hour,  the  catch  was  also  very  small,  viz.  170  fishes,  belonging  to  five 
species,  viz. — plaice  103,  common  dab,  57,  gurnard  7,  sand-eel,  1,  angler  2. 

The  next  place  where  fishing  was  carried  on  was  off  Lybster  on  the 
coast  of  Caithness,  where  a  drag  for  two  hours  in  twenty-three  fitthoms 
gave  584  fishes,  of  which  383  were  marketable  and  201  unmarketab'.e. 
The  catch  comprised  six  marketable  plaice,  forty-six  marketable  lemon 
dabs,  and  forty  common  dabs,  as  well  as  410  haddocks,  308  of  them 
being  marketable,  two  cod,  and  forty-four  whitings,  twenty-five  of  which 
were  too  small  to  be  marketable. 

Smith  Bank  was  then  visited,  and  a  haul  there,  in  from  nineteen  to 
twenty-two  fathoms,  for  two  hours  and  five  minutes,  gave  a  total  of  773 
fishes,  378  being  marketable.  The  fiat-fishes  consisted  of  two  turbot^  220 
common  dabs,  and  twenty-nine  lemon  dabs,  all  but  seven  of  them  market- 
able; there  were  also  taken  481  haddocks,  316  marketable,  one  cod  and 
twelve  marketable  codlings,  as  well  as  two  cat-fish  and  twenty-three 
gurnards. 

After  leaving  the  Moray  Firth  five  hauls  were  made  in  Aberdeen  Bay, 
with  very  good  results.  The  first  was  in  from  eight  to  ten  fathoms  off 
the  Black  Dog,  and  it  lasted  for  four  hours.  The  number  of  fishes  taken 
was  1749,  of  which  1384  were  marketable  and  365  unmarketable,  the 
bulk  of  the  catch  consisting  of  plaice  and  haddocks.  Of  917  haddocks 
caught^  707  were  marketable  and    210   unmarketable ;  all  the  former 
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were  "  thirds "  or  Bmall.  The  plaice  totalled  597,  all  but  twenty  being 
marketable,  and  of  these  twenty-five  were  large,  363  mediums,  and 
189  small.  There  were  also  one  cod,  three  marketable  codlings  and 
fourteen  unmarketable,  forty  small  whitings,  150  dabs,  twenty-five 
gurnards,  and  two  anglers. 

The  next  haul  in  the  same  place,  and  also  lasting  for  four  hours,  gave 
almost  exactly  the  same  numbers,  the  total  being  1745,  the  marketable 
1312  and  the  unmarketable  433.  The  haddocks  numbered  1013,  all 
being  small  and  250  of  them  unmarketable,  while  of  the  507  plaice, 
all  of  which  were  marketable,  fifteen  were  large,  162  medium,  and  330 
small ;  there  were  no  "  fourths,''  a  still  smaller  class,  as  in  the  Moray 
Firth. 

In  these  two  drags  at  this  place,  the  duration  of  fishing  being  eight 
hours,  3494  fishes  were  captured,  the  average  per  hour  being  436*6. 
The  marketable,  numbering  2696,  gave  an  average  of  337*0,  and  the 
unmarketable,  of  which  there  were  798,  an  average  of  99*6. 

Three  other  hauls  were  made  in  from  twelve  to  fifteen  fathoms,  off 
Slains  Castle,  with  even  better  results.  Only  one  was  completely 
recorded;  it  lasted  for  four  hours,  and  2068  fishes  were  taken,  1855 
marketable  and  213  unmarketable.  The  number  of  haddocks  was  1797, 
all  but  109  marketable ;  there  were  fewer  plaice,  viz.  160,  all  marketable, 
and  they  comprised  sixty  mediums  and  one  hundred  small.  The  other 
marketable  fishes  were  two  turbots  and  five  brill.  In  the  next  haul,  fur 
three  hours,  4283  marketable  fishes  were  secured;  the  nnmarketable 
were  not  counted,  but  they  consisted  of  six  basketfuls,  mostly  of  small 
haddocks.  The  haddocks  enumerated  amounted  to  4126,  of  which  303 
were  mediums,  3193,  smalls  and  630  fourths,  or  very  small.  There  were 
also  eighty-seven  plaice,  all  marketable,  and  seventy  marketable  common 
dabs.  The  last  drag,  for  four  hours,  yielded  1985  marketable  fishes,  the 
haddocks  numbering  1871  and  the  plaice  107 ;  all  the  haddocks  were 
thirds  and  fourths.     The  ofial  was  not  noted. 

The  following  are  the  particulars  of  each  class  of  fish  taken  in  the  three 
completely  recorded  drags  in  Aberdeen  Bay : — 


Plaice. 

Common 
Dab. 

Turbot. 

Brill. 

Cod. 

Cod- 
ling. 

Had- 
dock. 

Whit- 
ing. 

Gur- 
nard 

Ang- 
ler. 

I. 
II. 

Total 

1,244 
20 

94 
263 

2 

7 

1 

3 
39 

3,158 
569 

40 
56 

61 

2 
3 

1,264 

357 

2 

7 

1 

42 

3,727 

96 

61 

5 

The  quantity  of  fish  landed  at  the  market,  as  the  result  of  this  trip, 
as  recorded  by  the  Fishery  Officer,  was  81  cwte.,  as  follows : — 


Cod. 
i 

Codling. 

Coal-fish. 

Hake. 

Haddock. 
4 

Turbot. 

i 

rill. 
I 

liomon  Dab, 

a 

Plaice. 
63] 

Cat-fish. 

Flounder, 
i 

Skates 
9 

IV. 


In  October  another  series  of  trawlings  was  made,  by  means  of  the 
stoam-trawler  ''  Star  of  the  North,"  the  grounds  visited  being  Aberdeen 
Bay,  Barghead  Bay,  the  Dornoch  Firth,  o£f  Lybster,  and  Smith  Bank. 
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In  Aberdeen  Bay  five  hauls  were  made  on  the  16th  and  17th  of 
the  month,  with  fair  results,  a  strong  breeze  blowing  from  the  S.W., 
while  the  sea  was  rough.  The  first  was  off  Black  Dog  in  from  eight  to 
twelve  fathoms,  and  it  lasted  four  hours.  The  .catch  amounted  to  1978 
fishes,  of  which  1938  were  marketable,  most  consisting  of  haddocks.  Of 
these  1517  were  caught,  all  marketable,  the  majority  being  "large"  or 
"  firsts,*'  viz.  749.  Thirteen  cod  and  121  codlings,  of  which  118  were 
marketable,  were  included  in  the  catch,  as  well  as  264  whitings,  twenty- 
two  plaice,  one  lemon  dab,  and  twenty-eight  common  dabs.  The  next 
drag  in  the  same  locality,  and  in  from  nine  to  twelve  fathoms,  gave  almost 
the  same  result^  viz.  a  total  of  1964,  of  which  1889  were  marketable. 
The  number  of  haddocks  was  1099,  all  marketable,  there  being  395  large, 
1 64  medium,  and  540  thirds.  There  were  also  four  cod  and  282  codlings,  all 
but  nine  marketable,  275  whitings,  ten  brill,  194  plaice,  twelve  lemon  dabs, 
and  seventy-three  common  dabs.  A  third  haul  for  four  hours  in  the  same 
locality  gave  1287  fishes,  1216  of  which  were  marketable,  the  bulk  of  the 
catch  consisting  of  large  and  medium  haddocks,  cod,  codlings,  and  plaice. 

The  fourth  drag  was  made  in  from  twelve  to  twenty  fathoms,  from  the 
same  place  towards  Cruden  Skerries,  and  lasted  for  three  hours  and  a 
quarter.  The  catch  consisted  of  1685  fishes,  1634  being  marketable. 
The  number  of  haddocks  was  790,  of  which  237  were  large,  156 
mediums,  and  397  thirds.  Besides  nine  cod,  387  codlings  were  taken,  all 
but  five  marketable,  228  whitings,  204  plaice,  some  dabs  and  raya  The 
fifth  haid  was  made  from  the  Skerries  towards  Aberdeen  and  lasted  for 
an  hour.  The  catch  amounted  to  208  fishes,  chiefly  haddocks,  whitings, 
and  plaice ;  it  was  made  with  the  small-meshed  net  around  the  cod-end. 

The  three  hauls  in  from  eight  to  twelve  fathoms,  the  time  of  actual 
fishing  being  eleven  hours  and  fifty  minutes,  yielded  a  total  of  5229 
fishes,  the  rate  per  hour  being  442*0.  The  marketable  numbered  5043, 
with  an  average  per  hour  of  426 '3,  and  the  unmarketable  186,  with  an 
average  of  15 '7.  The  aggregate  of  haddocks  was  3281,  with  an  average 
per  hour  of  277*3.  A  feature  was  the  large  number  of  marketable  cod- 
lings, of  which  570  were  taken  in  three  hauls. 

The  particulars  of  the  catches  of  the  first  four  drags  in  Aberdeen  Bay 
are  these : — 


Plaice. 

Common 
Dab. 

Lomon 
Dab. 

Turbot. 

Brill. 

CJod. 

Codling. 

I. 

II. 

Total 

615 

m 

71 
126 

30 

3 

23 

52 

• 

952 
28 

615 

197 

30 

3 

23 

52 

980 

Haddock. 

Whiting. 

Gurnard. 

Angler. 

Grey 

Skate. 

Thorn- 
back. 

Starry 
Ray. 

I. 
II. 

Total 

4,071 

830 
49 

21 

1 
2 

16 
8 

8 
2 

5 
6 

4,071 

879 

21 

3 

19 

10 

11 

In  the  haul  with  the  small-meshed  net,  for  an  hour,  the  total  number 
of  fishes  caught  was  384,  as  follows  : — Plaice  42,  common  dab  26,  long 
rough  dab  1,  cod  22,  haddock  94,  whiting  190,  sprat  9. 
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The  fishing  in  tho  Moray  Firth  was  begun  on  the  19th,  Barghead  Bay 
being  first  yisited ;  the  weather  was  calm,  and  very  large  quantities  of 
fish  were  taken.  The  first  haul  was  in  from  twelve  to  twenty  fathoms, 
but  mostly  in  and  about  ten,  and  lasted  for  four  hours.  The  bag  of  fish 
was  an  exceptionally  large  one,  comprising  thirty-one  and  a  half  baskets 
of  haddocks,  mostly  small,  and  six  baskets  of  plaice,  as  well  as  other 
fishes.  The  total  number  of  the  fishes  caught  was  8382.  of  which  7286 
were  marketable  and  1096  unmarketable.  Among  the  former  were  6439 
haddocks  and  622  plaice,  sixty  whitings,  a  halibut,  two  brill,  thirty 
witches,  twenty  common  dabs,  and  ninety-six  gurnards.  The  unmarket- 
able consisted  chiefly  of  common  dabs,  whitings,  and  plaice. 

The  other  four  hauls  at  Burghead  Bay  were  made  in  water  from  eight 
to  twelve  and  thirteen  fathoms,  and  they  were  also  good  in  regard  to  the 
result.  In  the  first,  lasting  for  four  hours,  3446  fishes  were  taken,  2581 
marketable  and  865  unmarketable.  The  former  included  1463  haddocks, 
646  plaice,  and  255  whitings,  and  also  a  tnrbot,  three  brill,  two  witches, 
and  some  common  dabs  and  gurnards.  The  next,  also  for  four  hours, 
produced  2556  fishes,  1596  marketable  and  960  unmarketable,  haddocks 
and  plaice  predominating.  In  the  next  haul,  also  for  four  hours,  4037 
fishes  were  caught,  3005  of  them  being  marketable  and  1032  unmarket- 
able.    Tho  catch  included  2119  haddocks  and  491  plaice. 

In  the  last  haul,  for  one  hour,  the  catch  amounted  to  912  fishes,  515 
being  marketable  and  397  unmarketable ;  most  consisted  of  plaice,  had- 
docks, and  common  dabs. 

The  aggregate  quantity  of  fish  taken  in  these  five  drags,  the  time  of 
fishing  being  seventeen  hours,  was  the  large  one  of  19,333  fishes,  14,983 
being  marketable  and  4350  unmarketable.  The  averages  per  hour's  fishing 
were  1137'2  for  the  whole,  881*3  for  the  marketable,  and  255*9  for  the 
unmarketable.  The  total  number  of  haddocks  was  10,910,  with  an 
average  of  641*8 ;  the  number  of  plaice  was  2730,  the  average  being 
160*6,  and  the  number  of  common  dabs  3618,  giving  an  average  per  hour 
of  212*8.  There  were  very  few  cod  or  codlings,  viz.  three  of  the  former 
and  fifty-two  of  the  latter,  and  523  gurnards,  of  which  379  were  taken  to 
market.  The  productiveness  of  the  grounds  in  Burghead  Bay  on  this 
occasion  very  strikingly  contrasted  with  the  condition  in  spring  and  in 
June. 

The  following  Table  gives  the  numbers  of  the  marketable  and 
unmarketable  fishes  taken  in  the  five  hauls,  the  former  being  dis- 
tinguished by  the  figure  1.,  and  the  latter  by  II. : — 


Plaice. 

Common 
Dab. 

Witch. 

Lemon 
Dab. 

Halibut. 

Tnrbot. 

Brill. 

Angler. 

I. 
II. 

Total 

2,622 
108 

218 
8,400 

68 

6 

1 

2 

5 

43 

2,7JJ0 

3,618 

68 

6 

1 

2 

5 

43 

Cod. 

— 

Codling. 

Haddock. 

Whiting. 

I 

[ake. 

Gurnard. 

Thorn- 
back. 

I. 
II. 

Total 

3 

• 

49 
3 

10.753 
157 

865 
495 

1 

379 
144 

11 

3 

52 

10,910 

1,360 

1 

523 

n 
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The  proportion  of  the  small  plaice  to  those  of  larger  size  here  was  very 
differeut  to  what  it  was  in  the  Dornoch  Firth  in  June.  The  unmarket- 
able gave  only  a  ratio  of  6*3  per  hour,  as  shown  in  the  appended  Table, 
which  also  gives  the  numbers,  and  the  average  per  hour's  fishing,  for  the 
various  classes  of  haddocks  : — 


Plaice. 

Large. 

Medium. 

Small. 

Fourths. 

Unmarket- 
able. 

No. 

Average   per 
Hour 

22 
1-3 

677 
39-8 

795 
46-8 

1,128 
66-3 

108 
6-8 

Haddock. 

Large. 

Medium. 

Small. 

Fourths. 

Unmarket- 
able. 

No. 

Average  per 
Hour 

62 
3-6 

521 
30-6 

9,988 
587-5 

182 
10-7 

167 
9-2 

In  one  haul,  for  an  hour,  in  eight  to  twelve  fathoms,  with  the  small- 
meshed  net  around  the  cod-end  of  the  otter-trawl,  997  fishes  were 
obtained,  belonp^ing  to  twelve  species,  as  follows  : — 


Plaice. 
229 

Hake. 
1 


Common  Dab. 
340 

Gurnard. 
50 


Witch. 
13 

Pogge. 
1 


Cod. 
21 

Angler. 


ingi 


Haddock. 
246 

Dragonet. 
1 


Whiting. 
93 

Thomback. 
1 


The  fishing  in  the  Dornoch  Firth,  which  was  the  next  place  visited,  was 
fairly  good,  but  not  so  productive  as  at  Burghead  Bay.  The  first  haul 
was  made  on  the  afternoon  of  the  20th  October,  ofTDunrobin  and  Grolspie, 
in  from  eight  to  fourteen  fathoms  of  water,  and  lasted  for  two  hours. 
The  number  of  fishes  caught  was  793,  of  which  677  were  marketable  and 
116  unmarketable.  They  included  forty-two  cod,  thirty-three  codlings, 
all  but  seven  marketable,  592  haddocks,  nearly  all  marketable,  twenty- 
seven  whitings,  two  brill,  twenty-two  plaice,  and  one  or  two  others.  The 
weather  was  fine,  a  light  wind  blowing  from  the  south-west.  In  the 
next  drag  in  the  same  locality,  and  lasting  also  for  two  hours,  842  fishes 
were  caught,  771  being  marketable.  There  were  only  three  cod,  but  the 
number  of  haddocks  was  increased  to  652,  and  of  plaice  to  a  hundred. 
A  number  of  other  hauls  were  made  on  the  same  grounds,  the  best  being 
one  of  four  hours'  duration,  by  which  2486  fishes  were  taken,  2239 
marketable  and  247  unmarketable.  Only  one  cod  was  included  in  the 
catch,  but  there  were  1846  haddocks  and  345  plaice,  as  .well  as  some 
codlings,  whitings,  lemon  dabs,  and  others.  In  the  next  haul  the  net  was 
split,  but  the  one  succeeding  it  yielded  2223  fishes,  2081  being  market- 
able. The  haddocks  numbered  1926,  and  the  plaice  133,  and  there  were 
also  five  cod,  forty*two  codlings,  and  some  dabs. 

Altogether  there  were  nine  recorded  drags  in  this  place,  and  the  aggre- 
gate of  fishes  taken  was  12,253,  9611  being  marketable  and  2642 
unmarketable.  The  averages  per  hour  of  actual  fishing  were  331*4  for 
the  marketable,  91*1  for  the  unmarketable,  and  422*5  for  both  combined. 
The  average  per  hour  for  the  haddocks  was  266*8  and  for  the  plaice  57*0. 
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In  the  following  Table  are  given  the  totals  of  each  kind  of  fish  taken  in 
these  nine  hanls,  the  marketable  being  indicated  bj  I.  and  the  unmarket- 
able by  IL  : — 


Plaico. 

Common 
Dab. 

Witch. 

Lemon 
Dab. 

Brill. 

Cod. 

Codling. 

I. 
II. 

Total 

1,552 
100 

89 
2,099 

2 

23 

5 

54 

138 
45 

1,652 

2,188 

2 

28 

5 

54 

188 

Haddock. 

WhiUng. 

Cool-fish. 

Gurnard. 

Cat-fish. 

T 

liomlMick. 

I. 
II. 

Total 

7,666 
70 

83 
190 

• 

2 

85 
99 

1 

• 

12 

7,736 

228 

2 

134 

1 

12 

There  were  also  a  conger,  seven  anglers,  twenty-two  sprats,  five  picked 
dog-fishes,  an  armed-bullhead,  a  little  or  yellow  sole,  and  a  sting  ray 
{IVygon).  The  proportions  of  the  plaice  and  haddocks  of  different  sizes  is 
indicated  in  the  following  Table: — 


Large. 

Medium. 

Small. 

Fourths. 

Unmarket- 
able. 

Plaice   ^ 

No. 

Average   per 
Honr 

100 
8-4 

261 
90 

488 
15-1 

758 
26-0 

100 
8-4 

Had-  J 
dock    i 

No, 

Average  per 
Honr 

1,088 
85-6 

879 
80*8 

5,754 
198*4 

. 

70 
2-4 

In  a  haul  for  an  hour,  in  from  eight  to  thirteen  fathoms,  with  the 
small-meshed  net  around  the  cod-end,  1522  fishes  were  captured,  belonging 
to  fifteen  species,  as  follows : — 


Brill,    - 

1 

Coal-fish,  - 

1 

Plaice, - 

-     364 

Gurnard,  - 

35 

Lemon  Dab, 

3 

Pogge, 

4 

Common  Dab, 

-     724 

Sprat, 

43 

Little  Sole,  - 

8 

Sting  Ray, 

1 

Cod,     - 

8 

Thomback, 

1 

Haddock, 

95 

Piked  Dog-fish,  - 

1 

Whiting,       - 

-     233 

After  leaving  the  Donioch  Firth  the  vessel  steamed  to  the  grounds  off 
Ljbfiter,  where  five  hauls  were  made  in  twenty-three  and  twenty-four 
fathoms  of  water  and  good  catches  of  haddocks  got.  In  the  first,  which 
was  for  one  hour,  1008  fishes  were  taken,  of  which  956  were  marketable 
and  fifty-two  unmarketable.  The  haddocks  numbered  904,  all  but  four 
marketable ;  there  were  also  fifty-one  whitings,  fourteen  plaice,  Byb  lemon 
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dabs,  and  thirty  common  dabs.  The  next  drag,  for  two  hours,  yielded 
2740  fishes~2674  being  marketable  and  sixty-six  unmarketable.  The 
number  of  haddocks  caught  was  2463  (twenty  basketfuls),  all  except  nine 
marketable ;  there  were  also  224  whitings  and  a  few  flat-fishes.  The 
third  haul,  for  three  hours,  was  scarcely  so  good,  2810  fishes  being  taken, 
of  which  2665  were  marketable.  The  catch  included  2008  haddocks, 
nineteen  codlings,  twenty-six  plaice,  four  lemon  dabs,  and  eighty-six 
common  dabs. 

The  five  drags  here — the  time  of  actual  fishing  being  thirteen  hours — 
produced  altogether  9992  fishes,  or  at  the  rate  of  768*6  per  hour ;  the 
marketable  numbered  9536,  the  average  per  hour  being  732*5,  and  the 
unmarketable  456,  with  an  average  per  hour  of  35*1.  The  total  number 
of  haddocks  was  8063,  of  which  only  forty-nine  were  unmarketable,  the 
average  per  hour's  fishing  being  620*2.  Only  349  flat-fishes  were  caught 
in  the  five  hauls,  and  of  these  108  were  marketable,  consisting  of 
eighty-two  plaice  and  tweuty-six  lemon  dabs ;  the  unmarketable  were  241 
common  dabs. 

The  following  Table  gives  the  numbers  of  the  marketable  and  unmarket- 
able fishes  respectively : — 


Plaice. 

Lemon 
Dab. 

Common 
Dab. 

Cod. 

Cod- 
ling. 

Had- 
dock. 

Whit- 
ing. 

Gur- 
nard. 

Thorn-  Ang- 
back.     ler. 

I. 
II. 

Total 

82 

26 

241 
241 

25 

45 
28 

8,014 
49 

1,315 
121 

27 
16 

2 

1 

82 

26 

25 

73 

8,063 

1,436 

43 

2 

1 

The  haddocks  were  on  the  whole  of  a  good  class,  2078  being  firsts,  1530 
mediums,  and  4406  thirds,  the  respective  averages  per  hour's  fishing  being 
as  follows : — 

Firsts.  Seconds.  Thirds.  Fourths.  Unmarketable. 

No.  2,078  1,530  4,406  —  49 

Average        159*8  117*7  339-0  —  8-8 

Of  the  eighty-two  plaice  obtained,  seven  were  large  or  firsts,  sixty-four 
were  mediums,  and  eleven  thirds. 

A  small -meshed  ha\il  was  made  here  for  one  hour,  but  the  fine  net  was 
torn.    The  number  of  fishes  taken  was  1034,  as  follows  : — 


Plaice,  - 

-       14 

Cod,- 

9 

Lemon  Dab, 

5 

Haddock,  - 

-     906 

Common  Dab, 

49 

Whiting,   - 

-      51 

Before  leaving  the  Moray  Firth  two  hauls  were  made  on  Smith  Bank, 
on  the  edge,  in  about  twenty  one  and  twenty-two  fathoms.  The  first,  for 
an  hour,  with  the  small-meshed  net  attached,  yielded  1300  fishes,  of  which 
350  were  marketable  and  950  unmarketable.  The  latter  chiefly  consisted 
of  common  dabs  and  whitings,  and  the  former  of  haddocks.  The  total 
for  both  nets  was  1811  fishes,  belonging  to  twelve  species,  as  follows  : — 


Plaice,  - 

31 

Haddock,  - 

306 

Common  Dab, 

962 

Whiting,  - 

442 

Lemon  Dab, 

15 

Gurnard,  - 

15 

Long  Rough  Dab,- 

20 

Pogge,       - 

4 

Little  Sole,  - 

1 

Gobius   miniUiis, 

1 

Cod, 

10 

Dragonet,  - 

4 
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The  second  drag  was  for  three  hours  and  forty  minutes,  and  the  number 
of  fishes  taken  was  1236,  980  being  marketable  and  256  unmarketable. 
They  included  107  cod,  twenty-seven  codlings,  all  marketable,  a  ling,  796 
haddocks,  all  but  ten  marketable,  thirty-four  plaice,  all  marketable, 
fifteen  lemon  dabs,  and  some  whitings  and  common  dabs. 

The  haddocks  were  mostly  of  the  third  or  small  class,  only  thirty  being 
firsts  and  110  seconds. 

Another  haul  with  the  small-meshed  net  around  the  coJ-end  was  made 
at  the  "  witch  ground  "  about  twelve  miles  off  Kinnaird  Head,  the  depth 
being  fifty-one  fathoms,  and  the  duration  of  the  haul  one  hour.  The 
total  number  of  fishes  taken  in  both  nets  was  2187,  belonging  to  eleven 
species ;  no  witches  were  captured.  The  numbers  of  each  kind  were  as 
follows : — 


Plaice,-         -         -         3 

Whiting,  - 

422 

Common  Dab,        -     412 

Norway  Pout,    - 

613 

Long  Hough  Dab,     269 

Gurnard,   - 

12 

Cod,     -         -         -         1 

GohiuM  mintUtts,  - 

1 

Hake,  -         -         -         6 

Angler, 

1 

Haddock,      -         -     447 

The  aggregate  number  of  fish  taken  in  twenty-four  recorded  hauls  in 
this  trip  in  the  Moray  Firth  and  Aberdeen  Bay — the  duration  of  the 
actual  fishing  being  seventy-seven  hours  and  forty  minutes — was  49,728. 
Of  these,  41,787  were  brought  to  market  and  7941  thrown  overboard. 

The  quantity,  in  cwts.,  as  determined  by  the  Fishery  Officer  when  the 
fish  were  lauded,  was  as  follows,  the  total  being  27 If  cwts.  : — 


Cod. 
39i 

Codlinfi:. 

m 

ling. 

Hake. 
1 

Haddock. 
143^ 

Whiting. 
Hi 

Turbot. 
1 

BriU. 
1 

Lemon  Dab. 
2i 

PUdco. 
44S 

Dabs. 
i 

Witches. 

Conger. 

Skate. 

Gurnard. 
2 

Angler. 
1 

V. 


At  the  end  of  October  six  hauls  in  Aberdeen  Bay  were  made  by  the 
steam-trawler  *'  Lochryan,"  four  of  which  were  recorded.  In  the  first,  in 
from  eight  to  fifteen  fathoms  of  water,  and  which  lasted  for  two  hours  and 
twenty  minutes,  835  fishes  were  taken,  of  which  675  were  marketable  and 
160  unmarketable.  The  catch  included  twenty-nine  cod,  forty-three 
codlings,  all  marketable,  399  haddocks,  338  whitings,  seven  plaice,  a 
brill,  and  a  common  sole.  In  the  second  haul,  in  from  seven  and  a  half 
to  twelve  fathoms,  for  four  hours  and  thirty-five  minutes,  1066  fishes  were 
taken,  the  number  marketable  being  930.  There  were  106  cod,  151 
codlings,  all  except  six  marketable,  four  coalfish,  320  haddocks,  only 
eleven  of  which  were  unmarketable,  308  plaice,  and  a  number  of 
whitings  and  others.  The  succeeding  two  hauls  were  rather  better, 
haddocks  especially  being  more  abundant,  and  altogether  in  the  four 
drags — the  time  of  actual  fishing  being  fifteen  hours  and  twenty-five 
minutes — 6042  fishes  were  taken,  of  which  4654  were  n  arketable  and 
1388  unmarketable,  the  average  per  hour's  fishing  being  for  the  whole 
catch  3921,  for  the  marketable  3020,  and  for  the  unmarketable  901. 
The  average  per  hour  for  haddocks  was  196*3,  for  whitings  117*5,  and  for 
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plaice  33*5.     The  numbers  of  fishes  of  the  various  kinds,  marketable  (I.) 
and  unmarketable  (II.),  were  as  follows  : — 


Plaice. 

Common 
Dab. 

Floun- 
der. 

Lemon 
Dab. 

Sole. 

Brill. 

Long 

Rough 

Dab. 

Cod. 

I. 
II. 

Total 

607 
10 

40 
38 

6 

3 

• 

2 

1 

2 

197 

617 

73 

6 

8 

2 

1 

2 

197 

Codling. 

Haddock. 

Whiting. 

Coal-fiah. 

Gurnard. 

Thombock 

Starry 
Ray. 

I. 
II. 

Total 

322 
22 

2,863 
162 

709 
1,101 

4 

9 

1 
2 

47 

844 

8,026 

1,810 

4 

9 

8 

47 

In  a  haul  with  the  small-meshed  net,  which  lasted  for  an  hour,  the 
total  number  of  fishes  taken  was  1981,  belonging  to  ten  species,  as 
follows : — 


Plaice,  - 

27 

Haddock,  - 

-  1190 

Lemon  Dab, 

1 

Whiting,  - 

-     701 

Common  Dab, 

6 

Gurnard,  - 

6 

Long  Rough  Dab, 

2 

Sprat, 

2 

Cod,     - 

45 

Grey  Skate, 

1 

The  total  quantity  of  fish  landed,  in  cwts.,  was  as  follows,  the  time  of 
fishing  (including  the  incompletely  recorded  drags)  being  nineteen  hours 
and  five  minutes  : — 

Cod.    Codling.    Coal-fish.    Haddock.    Whiting.    Turbot.    Plaice.    Dabs. 
25  7i  i  21  4i  i  7  i        =66i 


VI. 

The  next  series  of  trawling  experiments  was  made  in  November,  the 
vessel  employed  being  the  steam-trawler  *'GlenogiI,"  and  the  places 
examined  were  Aberdeen  Bay,  Burghead  Bay,  the  Dornoch  Firth,  between 
Burghead  and  Cromarty,  and  Smith  Bank. 

Four  hauls  were  made  in  Aberdeen  Bay  on  6th  and  7th  November,  off 
Newburgh,  and  between  Black  Dog  and  Collieston.  In  the  first,  in  from 
eight  to  ten  fathoms,  which  lasted  for  three  hours,  1383  fishes  were 
secured,  1314  of  which  were  marketable  and  sixty-nine  unmarketable. 
The  former  consisted  mostly  of  haddocks  and  whitings ;  of  1013  haddocks 
taken,  977  were  marketable  and  thirty-six  unmarketable,  and  of  321 
whitings  all  but  eighteen  were  marketable.  The  other  fishes  comprised 
one  cod,  twenty-seven  codlings,  a  few  dabs  and  gurnards,  as  well  as  six 
herrings  and  two  sprats.  Only  two  plaice  were  caught  in  this  drag. 
Most  of  the  haddocks  belonged  to  the  third  and  fourth  classes,  only  135 
were  "  large  "  and  sixty-nine  "  medium."  The  smallest  haddocks  amongst 
the  unmarketable  measured  six  and  seven  inches  in  length. 
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The  next  haul  in  the  same  locality,  in  five  and  a  half  to  twelve  fathoms, 
lasting  for  two  hours,  yielded  only  seventy-one  fishes,  and  there  was 
nothing  apparent  to  account  for  the  very  small  catch.  The  marketable 
fish  consisted  of  thirteen  haddocks — viz.,  one  large,  six  medium,  and 
six  fourths — twenty-four  whitings,  one  plaice,  and  one  dab.  Other  two 
hauls  were  made  in  from  four  and  a  half  to  twelve  fathoms,  but  the 
catches  were  small,  the  marketable  fishes  consisting  chiefly  of  haddocks, 
plaice,  and  whitings.  Altogether  in  the  four  hauls  made  in  Aber- 
dren  Bay — the  actual  time  of  fishing  being  twelve  hours  and  five  minutes 
— the  total  number  of  fishes  captured  was  2630,  the  average  per  hour 
being  217*7;  the  number  of  marketable  was  2394,  with  an  average  of 
198*2,  and  the  unmarketable  236,  with  an  average  of  19*5.  The 
haddocks  numbered  1485,  the  average  per  hour's  fishing  being  122*9 ;  the 
whitings  573,  with  an  average  of  47*4,  and  the  plaice  379,  with  an 
average  of  31*3. 

The  numbers  of  the  marketable  (I.)  and  the  unmarketable  (II.)  of  each 
kind  are  shown  in  the  following  Table : — 


Plaice. 

Common 
Dab. 

Long 

Rough 

Dab. 

Brill. 

Cod. 

Codling. 

Haddock. 

I. 
II. 

Total 

378 
1 

27 
6 

11 

2 

* 

3 

77 
13 

1,417 
68 

379 

33 

11 

2 

3 

90 

1,485 

Whiting. 

Gurnard. 

Grey 
Skate. 

Thorn- 
back. 

Starry 
Kay. 

Herring. 

Sprat. 

I. 
II. 

Total 

490 
83 

• 

24 

m 

3 

1 

17 

7 

2 

573 

24 

3 

1 

17 

7 

2 

The  vessel  then  landed  the  fish  which  had  been  caught  in  Aberdeen 
Bay  before  proceeding  to  the  Moray  Firth,  and  the  quantities  as  recorded 
in  the  market,  by  the  Fishery  Officer,  in  cwts.  were  as  follows  : — 


Cod. 


Codling. 


Haddock. 
71 


Whiting. 
If 


Plaice. 
2 


In  the  Moray  Firth  the  first  place  visited  was  Burghead  Bay,  where 
five  hauls  were  made,  four  of  which  were  recorded.  In  the  first,  which 
lasted  for  three  hours  and  ten  minutes,  1682  fishes  were  caught,  of  which 
1365  were  marketable  and  317  unmarketable.  Among  the  former  were 
eleven  cod,  506  haddocks,  ten  whitings,  nine  brill,  790  plaice,  and  thirty- 
four  common  dabs.  The  unmarketable  were  composed  mostly  of  small 
haddocks  and  gurnards.  In  the  second  drag,  lasting  for  four  hours  and 
fifteen  minutes,  2421  fishes  were  taken,  1930  marketable  and  491 
unmarketable.  The  greater  part  of  the  catch  again  consisted  of  plaice  and 
haddocks.  It  also  included  a  turbot,  ten  brill,  and  a  black  or  common 
sole.  The  number  of  fishes  taken  in  the  third  haul,  which  lasted  four 
houn,  was  1779,  the  number  marketable  being  1273.     They  consisted 


40 


Part  III. — Twejity-second  Annual  Report 


for  the  most  part  of  plaice,  of  which  1158  were  obtained.  There 
were  only  sevontj-five  small  liaddocks,  twenty-five  marketable  and  fifty 
too  small  to  be  marketable.  In  this  drag  no  less  than  thirty-one  brill 
were  taken,  a  number  that  is  scarcely  ever  reached  in  these  trawling 
operations,  and  there  were  also  five  turbot.  The  fourth  drag  lasted  for 
two  hours  and  thirty-five  minutes,  and  1131  fishes  were  captured,  of 
which  733  were  marketable  and  398  unmarketable.  Only  twenty-five 
small  and  unmarketable  haddocks  were  caught  in  this  drag  ;  the  market- 
able plaice  numbered  678,  and  there  were  seven  brill. 

During  the  time  of  fishing  in  the  Bay  the  weather  was  favourable, 
though  somewhat  squally,  with  rain,  the  wind  blowing  from  the  west. 

The  aggregate  number  of  fishes  taken  in  the  four  hauls  in  the  fourteen 
hours  of  actual  fishing  was  7013,  of  which  5301  were  marketable  and 
1712  unmarketable.  The  average  catch  per  hour's  fishing  was  for  the 
marketable  378*6,  and  for  the  unmarketable  122*3  ;  the  average  for  both 
combined  was  500*9.  The  number  of  plaice  caught  was  3588,  the 
average  per  hour  being  256*3,  and  the  number  of  haddocks  1823,  with  an 
average  of  130*2. 

The  numbers  of  the  marketable  and  unmarketable  of  each  species  are 
given  in  the  following  Table : — 


Plaico. 

Common 
Dab. 

Witch. 

Lomon 
Dab. 

Sole 

Turbot. 

BrilL 

I. 
II. 

Total 

3,476 
112 

288 
684 

6 

9 

1 

6 

67 

3,688 

822 

6 

9 

1 

6 

67 

Cod. 

Codling. 

Haddock. 

Whiting. 

Gurnard. 

Thorn- 
back. 

Angler. 

I. 
II. 

Total 

19 

66 
86 

1,368 
466 

36 
99 

396 

28 
9 

6 
12 

19 

101 

1,823 

136 

396 

32 

18 

With  regard  to  the  general  size  of  the  plaice  and  haddocks  captured, 
the  great  majority  were  small.  Especially  was  this  the  case  with  the 
haddocks,  only  six  of  the  large  and  forty-five  of  the  medium  being  taken. 
The  numbers  of  each  class  and  the  average  per  hour's  fishing  are  giyen 
in  the  following  Table  : — 


Haddock, 


Plaice, 


Firsts. 

Seconds. 

Thirds. 

Fourths. 

0£Fa1or 
Unmarketable 

{o-4 

46 
3-2 

77 
6-6 

1,230 
88-0 

466 
38-2 

r77 

\6-6 

676 
41-1 

2,824 
201-7 

• 

112 
8-0 

On  leaving  Burghead  Bay  the  yessel  steamed  to  the  Dornoch  Firth, 
where  a  number  of  hauls  were  made,  the  weather  being  calm  and  the 
smooth,  a  light  wind  coming  from  the  north-west. 
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The  first  drag  was  made  in  from  five  to  thirteen  fathoms,  off  Golspie. 
It  lasted  for  foar  hours  and  live  minntee,  and  the  catch  wait  a  good  one, 
the  marketable  fishes  numbering  2346,  the  unmarketable  1139,  and  the 
aggregate  3485.  Plaice  and  haddocks  formed  the  bulk  of  the  catch  ;  of 
the  former  2166  were  taken,  1264  of  which  were  marketable  and  902 
unmarketable.  Moet  of  the  plaice  were  of  small  sise,  only  five  being 
lai^,  167  medium,  and  1092  thirds,  while  the  ofikl  in  this  haul  num- 
bered 902.  Some  of  these,  however,  were  quite  large  enough  lo  go  to 
market  as  fourths,  and  after  this  fourths  were  aleo  selected.  I  found 
that  the  sites  of  the  larger  specimens  of  the  "unmarketable"  plaice 
were  on  this  occasion  between  nine  and  eleven  inches :  I  give  the 
measurements  of  seventy-siz  of  the  larger  ones,  in  centimetres  and 
inches : — 


The  larger  of  these  plaice  were  in  reality  "  thirds  " ;  but  the  selection, 
B.S  previouslj  mentioned,  ia  never  qnite  exact. 

The  next  haul,  in  the  same  locality,  was  for  four  hours  and  twenty-five 
minutes,  but  the  fishing  was  chiefly  conducted  in  from  eight  to  ten 
fathoms.  The  number  of  fishes  taken  was  I  SOS,  of  which  1368  were 
marketable  and  440  unmarketable.  Haddocks  were  much  scarcer,  only 
375  being  caught,  and  it  may  be  said  generally  in  regard  to  this  fish  at 
this  time  in  the  I)omoch  Firth  that  the  quantity  taken  in  the  various 
hauls  varied  very  much,  there  being  sometimes  only  a  few  and  sometimes 
over  a  thousand.  They  were  obviously  present,  as  the  trawlers  describe 
it,  in  "spots."  The  plaice  numbered  1237,  of  which  97S  were  market- 
able; there  were  in  addition  thirty-two  codlings,  eight  whiticgSr  four 
brill,  twenty-two  common  dabs,  and  a  thornback  ray  among  the  market- 
able fishes. 

The  number  of  fishes  caught  in  the  next  haul,  which  lasted  for  four 
hours  and  a  half,  was  2514,  the  markelable  being  1902  and  the 
unmarketable  612.  The  haddocks  numbered  1282,  of  which  271  were 
unmarketable.  There  were  996  plaice,  881  of  them  marketable,  and  in 
addition  to  these  the  markelable  fishes  included  two  cod,  six  codlings,  one 
halibut,  and  one  megrim.  The  unmarketable  consisted  mostly  of 
haddocks,  dabs,  plaice,  and  guinards.  In  the  fifth  drag,  in  from  six  to 
ten  fathoms,  only  nineteen  haddocks  were  taken,  and  of  these  thirteen 
were  unmarketable.  The  plaice  numbered  2101,  all  but  184  being 
marketable.  The  next  drag,  fur  five  hours,  yielded  3033  fishes,  2337 
being  marketable  and  696  unmarketable.  There  were  634  haddocks, 
19S1  plaice,  1661  marketable,  371, common  dabs,  six  lemon  dabs,  and 
seventeen  brill 

Alt<^ther  in  the  six  hauls,  involving  twenty  six  hours  and  forty 
minutes  of  actual  fishing,  14,404  fishes  were  captured,  the  rate  per  hour 
being  the  high  one  of  641*5.  The  marketable  numbered  10,919,  with  an 
average  of  410*4  per  hour,  aud  the  unmarketable  3486,  with  an  hourly 
average  of  131-0.  The  average  per  hour  for  the  plaice  taken  was  350*4, 
and  for  those  which  were  marketable  277'2;  the  average  for  the  haddocks 
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was  140*5  per  h6ar.    The  numbers  of  the  marketable  and  unmarketable, 
and  the  totals,  are  as  follow : — 


Cod. 

Codling. 

Haddock. 

Whit- 
ing. 

Plaice 

Common 
Dab. 

Brill. 

Lamon 
Dab. 

I. 
II. 

Total 

21 

78 
31 

3,253 
485 

10 

4 

7,873 
1,948 

129 
746 

25 

• 

15 
3 

24 

109 

3,738 

14 

9,321 

875 

25 

18 

Halibut. 

Mognm. 

Long 

Rough 

Dab. 

Gur- 
naixL 

Grey   ' 
Skate. 

• 

Thorn- 
back. 

Sandy 
Ray. 

Angler. 

I. 
II. 

Total 

1 

2 

• 

6 

213 

1 

8 
35 

3 

• 

U 

1 

2 

6 

213 

1 

43 

8 

11 

Among  the  haddocks  the  proportion  of  large  and  medium  was  con- 
siderable, and  much  above  what  it  was  on  many  previous  occasions; 
medium  plaice  were  also  well  represented.  The  following  figures  give 
the  average  number  of  each  class  taken  per  hour's  fishing : — 


First. 

Second, 

Third. 

Fourth. 

Unmarketable. 

Haddock, 

24-6 

24-6 

33-3 

89-6 

18-2 

Plaico, 

1-1 

48-4 

137-6 

950 

73-2 

In  the  Dornoch  Firth  three  hauls  were  also  made  with  the  snmQ- 
meshed  net  around  the  cod-end,  in  from  four  and  a  half  to  twelve 
fathoms,  the  time  occupied  in  fishing  being  three  hours  and  fifty  minutes. 
The  number  of  fishes  taken  in  both  nets  amounted  to  11,590,  the  great 
majority  having  passed  through  the  meshes  of  the  cod-end.  They 
belonged  to  eleven  species,  as  follows : — 


Plaice,  - 

-     327 

Qumard,  -        -        4 

Brill,    - 

1 

Sprat,        -        -  9361 

Common  Dab, 

-       28 

Herring,    -         -  1407 

Cod,     - 

4 

Sand-eel,    -         -        3 

Haddock, 

-       23 

Thornback  Ray,         1 

Whiting, 

-    441 

Most  of  the  sprats  were  taken  in  one  haul,  viz.  5477,  and  most  of  the 
herrings  in  another,  1297. 

On  leaving  the  Dornoch  Firth  the  vessel  returned  to  Burghead  Bay, 
where  other  three  drags  were  made  in  from  five  to  ten  fathoms,  a  fresh 
breeze  blowing  from  the  south,  and  a  considerable  number  of  plaice  were 
taken.  The  hauls  were  also  remarkable  for  the  large  number  of  brill 
captured,  the  three  drags  3rielding  in  succession  thirty-six,  forty-three, 
and  fifteen — a  total  of  ninety-four.  Seven  turbots  were  also  caught. 
The  aggregate  number  of  fishes  secured  in  the  three  drags,  the  time  of 
actual  fishing  being  fourteen  hours,  was  5367,  an  average  per  hour  of 
383'4.  The  marketable  fishes  numbered  3817,  with  an  average  per  hour 
of  272*6,  and  the  unmarketable  1550,  with  an  hourly  average  of  110*7. 
These  averages  are  under  those  for  the  fishing  in  the  same  plaee  a  few 
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days  before.     In  the  following  Table  are  given  the  number  of  marketable 
(I )  and  unmarketable  (II.)  fishes  taken  in  the  three  drags : — 


Cod. 

Codling. 

Haddock. 

Whiting. 

Plaice. 

Brill. 

I. 
II. 

Total 

84 

87 
34 

190 

98 

8 

3,274 
464 

94 

m 

84 

121 

288 

8 

8,738 

94 

Turbot 

Lemon  Dab. 

Common 
Dab. 

Gurnard. 

Thorn- 
back. 

Angler. 

I. 
II. 

Total 

7 

• 

6 
3 

70 
600 

322 

5 
10 

11 

7 

9 

670 

322 

15 

11 

A  short  haul  of  one  hour's  duration  was  then  taken  o£f  Burghead  Bay, 
between  it  and  Cromarty,  in  thirty  fathoms,  with  the  small-meshed  net 
around  the  cod-end  of  the  otter-trawl.  The  total  number  of  fishes  taken 
in  both  nets  was  1805,  belonging  to  fourteen  species,  as  follows : — 


Witch, 

-     101 

Hake,           -         -         .         2 

Plaice, 
Common  Dab, 

4 
-     130 

Ling,  -  -  -  -  1 
Gurnard,      -         -         -       46 

Long  Rough  Dab, 
Whiting,      - 
Haddock,     - 
Codling, 

-  705 

-  339 

-  29 

4 

Norway  Pont,  -  -  432 
Gadua  lusctis,  -  -  7 
CaUionymus  maculata,  -  2 
Lrnnpentts  lanipetriformis,      3 

Smith  Bank  was  then  visited,  and  a  haul  with  the  small-meshed  net 
attached  was  made  in  twenty-one  fathoms  for  one  hour.  The  tying  of 
the  outer  net  was  defective ;  the  knot  slipped,  and  all  the  fish  escaped. 
In  the  cod-end  were  thirty-three  haddocks,  three  cod,  five  plaice,  one 
lemon  dab,  five  common  dabs,  and  an  angler. 

The  quantity  of  fish  landed  by  the  vessel,  as  recorded  on  returning  to 
port  amounted  to  218|  cwts.,  as  follows : — 


Ood. 
18 

Codling. 

Haddock. 
58 

Turbot. 
i 

Brill. 
6 

naice. 
115 

Dabs. 
8* 

Witch. 

i 

Skate. 
11 

Angler 

VII. 

The  next  series  of  trawling  investigations  was  made  on  board  the 
'^Lochryan,"  on  11th  and  12th  December,  in  Aberdeen  Bay,  a  strong 
breeze  blowing  from  the  south,  with  a  rough  sea  and  rain.  The  catches 
were  small,  but^  as  often  occurs  in  such  conditions  of  weather,  a  consider- 
able number  of  cod  were  secured.  Three  recorded  hauls  were  made  off 
the  Black  Dog  in  from  four  and  a  half  to  ten  fathoms  of  water,  the 
duiation  of  the  actual  trawling  being  twelve  hours  and  ten  minutes. 
The  total  number  of  fishes  caught  in  each  haul  was  respectively  344, 
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243,  and  191,  the  aggregate  being  778,  with  the  very  low  average  per 
hour's  fishing  of  639.  The  marketable  numbered  702,  giving  an  aver- 
age per  hour  of  57*7,  and  the  unmarketable  numbered  seventy-six.  The 
hourly  average  for  cod  was  13*0  and  for  codling  24*5,  while  it  was  only 
16'8  for  haddocks  and  1*6  for  plaice.  The  numbers  of  the  various  kinds 
taken  were  as  follows  : — 


Cod. 
158 

Codling. 

Had- 
dock. 

Whit- 
ing. 

Coal- 
fish. 

) 
Brill. 

Plaice. 

Com. 
Dab. 

Starry 
Ray. 

I. 
II. 

Total 

298 

205 

14 
21 

5 

1 

19 

7 

50 

158 

298 

205 

35 

5 

1 

19 

7 

50 

Two  hauls  were  also  made  with  the  small-meshed  net  around  the  cod- 
end  of  the  otter-trawl.  In  the  first  of  these,  which  lasted  for  one  hour 
and  twenty  minutes,  and  was  made  in  from  eight  to  twelve  fathoms,  the 
total  catch  was  one  cod,  four  codlings,  fourteen  whitings,  two  common 
dabs,  one  sand-eel,  one  goby,  twenty-two  small  herrings  (from  one  and 
three-quarter  inches  to  nearly  five  inches),  and  seventy-four  sprats.  In 
the  second,  on  the  same  grounds  for  one  hour,  but  in  seven  fathoms,  only 
a  single  fish — a  starry  ray — was  taken. 

VIII. 

Towards  the  end  of  December  another  series  of  trawling  investigations 
was  carried  on  in  Aberdeen  Bay  and  the  Moray  Firth,  on  board  the 
steam-trawler  "Star  of  the  Ocean."  Several  hauls  were  taken  in 
Aberdeen  Bay  on  the  23rd  and  24th  of  the  month,  off  Slains  Castle,  in 
from  ten  to  thirty  fathoms,  but  the  net  was  usually  torn,  and  the  catches 
were  very  poor.  In  the  first,  which  lasted  for  four  hours  and  twenty 
minutes,  206  fishes  were  caught,  182  being  marketable.  Seventy-seven  cod 
were  taken,  but  only  seven  haddocks  and  sixty-six  plaice,  most  of  the 
latter  being  ''  thirds."  In  the  next  drag,  for  three  hours  and  a  half,  the 
catch  was  reduced  to  108  fishes,  twenty-three  being  cod,  and  there  was 
the  same  number  of  plaice,  but  only  five  haddocks.  The  catch  of  the 
third  haul  was  still  less,  viz.  sixty  fish,  twenty-six  being  cod,  eight  had- 
docks, and  eleven  plaice.  In  each  case,  however,  the  net  was  torn  on  the 
bottom.  Two  other  unrecorded  hauls  were  made,  and  the  aggregate 
quantity  of  fish  landed  from  the  five  hauls  amounted  to  30J  cwts.,  viz. 
22  cwts.  of  cod,  2f  cwts.  of  codlings,  2|  cwts.  of  haddocks.  If  cwts.  of 
plaice,  and  1^  cwts.  of  skates. 

On  the  25th  a  number  of  drags  wore  taken  at  Burghead  Bay,  in  the 
Moray  Firth,  the  wind  being  light,  from  the  south-west,  and  the  weather 
foggy,  and  with  much  better  results.  In  the  first  of  the  two  recorded, 
which  was  in  from  eight  to  eleven  fathoms,  for  five  hours  and  five 
minutes,  1149  fishes  were  taken,  353  marketable  and  796  unmarketable. 
The  catch  was  chiefly  made  up  of  haddocks,  mostly  small ;  of  a  total  of 
727,  the  number  thrown  overboard  as  unmarketable  was  604 ;  there  were 
only  three  large  and  no  mediums.  The  second  haul,  for  five  hours  and 
ten  minutes,  yielded  3055  fishes,  of  which  784  were  marketable  and  2271 
unmarketable.  The  total  number  of  haddocks  captured  was  2458,  and 
of  these  2086  were  too  small  to  be  marketable.  In  the  two  hauls,  the 
time  of  fishing  being  ten  hours  and  fifteen  minutes,  4204  fishes  were 
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taken,  1137  marketable  aud  3067  unmarketable.     The  numbers  of  the 
two  classes  are  as  follows : — 


1 

i 

•a 

366 
14 

i 

• 

•s 

■ 

s 

1 

Lomon 
Dab. 

• 

O 
11 

Long 

Rough 

Dab. 

T. 
II. 

Total 

12 

9 
26 

495 
2,690 

196 
228 

21 

35 
91 

2 

1 

7 

12 

35 

3,185 

424 

880 

21 

*  126 

2 

1 

11 

7 

The  very  foggy  weather  which  prevailed  interfered  with  fishing  operations 
near  the  shore ;  partly  for  this  reason  the  vessel  shifted  its  position  aud 
made  a  haul  in  from  sixteen  to  twenty-five  fathoms  o£f  Tarbet  Ness.  The 
drag.lasted  for  one  hour  and  forty-five  minutes,  and  it  was  found  that  the  net 
was  considerably  torn.  The  catch  was  small,  amounting  to  543  fishes, 
of  which  431  were  marketable  aud  112  unmarketable.  The  number  of 
haddocks  taken  was  338,  of  which  315  were  marketable  ;  there  were 
seventy  plaice,  fifty-two  being  marketable,  thirteen  marketable  codlings, 
five  coal-fish,  forty-two  whitings,  twenty-seven  marketable,  as  well  as  six 
lemon  dabs  and  sixty-three  common  dabs. 

Two  or  three  hauls  were  then  made  in  the  Dornoch  Firth,  in  from 
seven  to  twelve  fathoms,  but  the  work  was  difficult  owing  to  the  thick 
fog,  and  in  one  of  the  drags  the  net  was  foul  and  came  up  without  any 
fish.  In  a  recorded  haul,  which  lasted  for  four  hours,  the  number  of 
fishes  caught  was  1095,  of  which  the  marketable  amounted  to  933  and 
the  unmarketable  to  162.  The  catch  included  825  haddocks,  all  but  55 
being  marketable,  as  well  as  eight  cod,  two  turbot,  four  brill,  148  plaice, 
and  some  dabs.  On  the  27  th  a  haul  was  made  for  sixty-five  minutes,  in 
from  eight  to  ten  fathoms,  with  the  small-meshed  net,  around  the  cod- 
end.  The  total  number  of  fishes  taken  in  the  two  nets  was  880,  belong- 
ing to  sixteen  species.  On  the  following  day  another  similar  drag  was 
taken  with  the  small-meshed  net  for  an  hour,  and  they  may  be  both 
considered  together.  The  following  is  a  list  of  the  numbers  of  each  kind 
of  fish  caught  in  the  two  drags,  nineteen  species  being  represented,  and 
the  total  being  3657  fishes : — 


Plaice,       

Lemon  Dab, 
Common  Dab, 
Long  Rough  Dab, 
Little  Sole,       *  .. 
Brill, 

Witch,       

Cod,  

Haddock, 

Whiting, 


122 

4 

845 

24 

18 

4 

1 

20 

67 

1,708 


Gurnard, 

10 

Sprat, 
Herring,    ... 

808 
4 

Pog^e,       

Qwiut  minutuSf 

8 
2 

Dragonet,            

4 

Common  Pipe-fish, 

3 

Angler,      

8 

Thomback,          

7 

From  the  Dornoch  the  vessel  steamed  to  the  grounds  off  Lybster, 
where  a  drag  was  made  for  four  hours  and  a  quarter  in  from  eighteen  to 
twenty-two  fathoms.  The  net  was  found  to  have  been  badly  split  on 
coming  op,  and  the  catch  was  very  small,  amounting  to  only  sixty- two 
fishes,  all  marketable.  The  catch  included  two  cod,  forty-four  haddocks, 
and  a  few  plaice  and  whitings. 

The  next  place  visited  was  Smith  Bank,  where  a  haul  was  made  in 
twenty-seven  and  twenty-eight  fathoms,  on  the  edge  of  the  bank,  for 
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sixty-five  minutes,  the  stnali-meshed  net  being  around  the  cod-end.  The 
total  number  of  fishes  taken  was  considerable,  viz.  1673,  and  they  belonged 
to  twenty-one  species;  some  of  them,  as  the  young  conger  {LeptocephaltLs) 
and  the  thick-back  sole,  were  of  much  scientific  interest. 


Plaice,       

19 

Lemon  Dab, 

20 

Common  Dab, 

1,124 

Little  Sole, 

47 

Thickback, 

1 

Long  Rough  Dab, 

3 

Haddock, 

25 

Whiting, 

141 

Cod,           

38 

Norway  Pout, 
Poordod, 

158 

1 

Sprat,        

Gurnanl, 

Goby  (sp.), 

Pogge,       

Gemmeous  Drogonet, 
Spotted  Dragonet, 

Sand-eel, 

LfptocephaJttSt 
Piked  Dog-fish,    ... 
Starry  Ray, 


6 
8 
6 
8 

14 
2 

54 
1 
1 
1 


From  the  commercial  point  of  view,  however,  the  fishing  on  Smith  Bank 
was  not  of  a  profitable  kind,  and  the  vessel  returned  to  Burghead  Bay  on 
the  28th,  where  a  number  of  hauls  were  taken,  three  of  which  were  com- 
pletely recorded.  In  the  first,  which  was  for  five  hours  and  a  quarter,  in 
from  five  to  thirteen  fathoms,  1198  fishes  were  taken,  of  which  567  were 
marketable  and  631  unmarketable.  The  catch  included  nine  cod,  thirty- 
two  codlings,  all  but  seven  marketable,  713  haddocks,  the  majority  being 
again  very  small  and  540  of  them  unmarketable,  three  turbot,  thirty- 
seven  brill,  306  plaice,  all  marketable,  and  a  few  others. 

The  second  drag,  for  five  hours,  yielded  only  269  fishes,  of  which  110 
were  marketable.  Of  120  haddocks  caught  only  three  were  maiketable, 
and  the  other  marketable  fishes  comprised  one  turbot,  nine  brill,  sixty- 
three  plaice,  and  twenty-seven  common  dabs.  The  third  haul,  in  from 
four  and  a  half  to  ten  fathoms,  was  even  less  productive,  only  193  fishes 
being  caught,  of  which  111  were  marketable  and  82  unmarketable.  Kone 
of  the  fifty-six  haddocks  taken  were  marketable,  but  there  were  seven 
brill  and  ninety-nine  plaice,  a  cat-fish,  two  cod,  and  a  thomback  ray. 

In  the  three  hauls,  occupying  altogether  fourteen  hours  and  a  quarter  of 
actual  fishing,  only  1660  fishes  were  taken,  788  being  marketable  and 
872  unmarketable.  The  general  average  per  hour's  fishing  is  thus  a  very 
low  one,  viz.  116*5,  while  the  average  for  the  marketable  alone  is  55*3. 
The  particulars  regarding  the  different  kinds  of  fish  are  given  in  the 
following  Table : — 


Cod. 

Codling. 

Haddock. 

Whiting. 

Plaice. 

Turbot. 

Brill. 

I. 
II. 

Totol 

18 

25 
16 

176 
718 

m 

40 

468 

4 

53 

18 

41 

889 

40 

468 

4 

63 

Common 
Dab. 

Lemon 
Dab. 

Gurnard. 

Cat-fiah. 

Long 

Rough 

Dab. 

Thorn- 
back. 

I. 

n. 

Total 

37 
79 

8 

• 

22 

2 

2 

2 

116 

3 

22 

2 

2 

2 
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A  haul  with  the  small-tneshed  net  was  also  taken  in  Burghead  Bay  for 
seventy-fivo  minutes,  in  from  five  to  twelve  fathoms,  and  the  total 
number  of  fish  caught  was  only  173,  as  follows : — 


Plaice,         

46 

Common  Dah, 

11 

Brill,           

4 

Turbot,        

1 

CJod, 

6 

Haddock, 

34 

Whiting, 

59 

Sprat,        

Herring, 

7 
3 

Lone  Rough  Dab, 
Sand-eel, 

1 

2 

Another  drag  with  the  small- meshed  net  was  taken  on  the  so-called 
"  witch  ground  "  between  Burghead  Bay  and  the  Suters  of  Cromarty,  in 
thirty  and  thirty-one  fathoms,  and  it  lasted  for  an  hour.  The  total 
number  of  fishes  caught  was  2112,  belonging  to  twenty  species.  The 
numbers  of  each  kind  are  as  follows : — 


Halibut, 

1 

Norway  Pout, 

307 

Witch,       

73 

Hake,        

2 

Plaice,       

6 

Herring, 

31 

Common  Dab,      

151 

Sprat,        

356 

Long  Rough  Dab, 

696 

Sand-eel, 

1 

Thickback  Sole, 

1 

I/umptnuif 

6 

Cod,          

8 

Goby  (ap.) 
Angler,      

1 

Haddock, 

1 

1 

Whiting, 

Oumaid, 

470 

Starry  Ray, 

3 

1 

Thomback, 

1 

Before  the  vessel  left  the  Moray  Firth  a  few  hauls  were  taken  at  night 
off  Lossiemouth  in  twenty  and  twenty-one  fathoms,  but  the  net  suffered 
much  and  was  usually  found  split  when  it  was  hauled.  The  particulars 
of  these  hauls  were  not  recorded  ;  but  in  the  first  the  catch  included  two 
baskets  of  large  haddocks,  one  basket  of  mediums,  and  three  baskets  of 
thirds,  as  well  as  two  cod,  twenty  lemon  dabs,  half  a  basket  of  plaice, 
and  half  a  basket  of  whitings.  The  offal  thrown  overboard  consisted  of 
seven  basketfuls,  mostly  of  small  haddocks. 

On  the  way  to  port  a  small-meshed  drag  was  taken  in  Aberdeen  Bay 
on  29th  December.  It  was  made  in  from  eight  to  seventeen  fathoms, 
and  lasted  for  an  hour.  The  total  number  of  fishes  caught  was  4270,  the 
great  bulk  consisting  of  small  whitingp.  The  numbers  of  the  various 
species  are  as  follows : — 


Plaice,         

10 

Ck>mmonDab, 

5 

Long  Rough  Dab, 
Haddock, 

5 
173 

v/OQ, ...             ...             ... 

Whiting,     

9 

...     4,007 

Herring, 

Sprat, 

Gurnard, 

Liparis, 
Sand-eel, 


16 
89 
1 
2 
2 
1 


The  total  quantity  of  fish,  in  cwts.,  landed  from  this  trip  was  recorded 
by  the  Fishery  Officer  as  follows : — 


Cod. 
\^ 

BriU. 


Codling.        Coal-fish. 
2  \ 


Lemon  Dab. 
1 


Plaice. 
28i 


Haddock. 

m 

Dabs. 
U 


Whiting. 
^ 

Witches, 
i 


Turbot 
\ 

Cat-fish, 
i 


Halibut. 

i 

Skate. 
1 


The  quantity  was  small,  considering  the  duration  of  fishing,  but  the 
foggy  weather  which  prevailed  for  a  large  part  of  the  time  somewhat 
hampered  the  operations.  It  was  noticed  also  that  young  herriug»  and 
sprats  did  not  form  so  large  a  proportion  of  the  small  fishes  caught  in  the 
small-meshed  net  as  was  usually  the  case.  Foreign  trawlers,  moreover, 
were  observed  to  be  fishing  in  some  numbers  in  the  Firth  at  the  time, 
and  three  of  them  were  working  along  with  us  on  Smith  Bank. 
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IX. 

In  August  a  record  was  kept  of  the  hauls  made  by  the  steam-trawler 
"  Glenogil  "  on  the  fishing  grounds  lying  off  the  mouth  of  the  Firth  of 
Forth.  The  vessel  left  Aberdeen  on  the  17th  August,  and  ran  for  about 
sixty  miles  on  a  course  S.  ^  E.  from  Girdleness,  and  continued  fishing 
southwards  for  several  days,  landing  the  catches  at  Granton,  to  about 
thirty-four  miles  S.E.  of  the  Isle  of  May.  The  weather  was  good  and  the 
sea  calm.  The  grounds  visited  on  this  trip,  as  may  be  seen  from  a  chart,  lie 
off  St.  Abb's  Head  and  the  coast  of  Berwickshire  and  Northumberland, 
and  are  much  fished  by  the  trawlers  belonging  to  Gran  ton. 

The  first  drag  was  made  in  thirty-four  and  thirty-five  fathoms,  about 
thirty  miles  £.  ^  S.  of  the  Isle  of  May,  and  it  lasted  for  three  hours. 
The  catch  was  a  moderate  one,  the  number  of  fishes  taken  being  608,  of 
which  only  381  were  marketable.  They  consisted  almost  entirely  of 
haddocks,  which  numbered  519,  the  marketable  numbering  360;  the 
other  marketable  fishes  were  seven  codlings,  nine  whitings,  and  five  lemon 
dabs.  The  unmarketable  were  made  up  of  haddocks,  whitings,  and 
gurnards.  The  next  three  shots  were  much  the  same  both  in  regard  to 
species  and  amount,  the  bulk  of  the  catches  being  composed  of  haddocks, 
but  there  were  in  addition  a  few  cod,  coal-fish,  plaice,  and  ling.  After- 
wards the  catches  improved.  In  the  sixth  haul,  which  was  for  three 
hours  and  five  minutes,  2145  fishes  were  captured,  1713  being  market- 
able. The  haddocks  numbered  1755,  of  which  1535  were  marketable ; 
there  were  also  130  marketable  whitings,  one  cod,  nineteen  codUngs, 
twelve  plaice,  and  sixteen  lemon  dabs.  The  unmarketable  consisted 
entirely  of  haddocks,  whitings,  and  gurnards. 

Succeeding  hauls  were  nearly  as  productive,  the  totals  varying  from 
1243  to  2991,  the  duration  of  the  drags  being  generally  a  little  over 
three  hours.  In  all  of  them  haddocks  formed  the  great  bulk  of  the 
catch,  the  rest  of  the  marketable  fishes  being  made  up  of  whitings,  cod- 
lings, a  few  cod,  ling,  and  coal -fishes ;  the  fiat-fishes  were  represented  by 
small  numbers  of  lemon  dabs,  plaice,  and  common  dabs. 

Altogether,  in  twelve  hauls,  up  to  the  afternoon  of  the  19th  August, 
the  time  of  actual  fishing  being  thirty-nine  hours  and  twenty  minutes, 
the  number  of  fishes  caught  was  17,569,  of  which  13,874  were  market- 
able and  3695  unmarketable.  The  average  number  taken  per  hour's 
fishing  was  353*0  for  the  marketable,  94*0  for  the  unmarketable,  and 
447*1  for  both  combined. 

The  totals  of  each  kind  are  given  in  the  following  Table,  the  market- 
able (I.)  being  distinguished  from  the  unmarketable  (II.)  : — 


Cod. 

Codling. 

Haddock. 

Whiting. 

Coal-fish. 

Ling. 

Hake. 

I. 
II. 

Total 

27 

873 

89 

12,464 
2,264 

711 
695 

19 

8 

1 

27 

462 

14,728 

1,406 

19 

8 

1 

Plaice. 

Lomon 
Dab. 

Common. 
Dab. 

Long  Rough 

Gurnard. 

Angler. 

I. 
II. 

Total 

92 

176 

3 
35 

85 

514 

13 

92 

176 

38 

85 

514 

13 
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The  haddocks  wore  by  far  the  most  important  part  of  the  catch,  the 
average  number  taken  per  hoar  being  374*7  ;  the  rate  for  the  marketable 
was  317*1  and  for  the  unmarketable  57*6.  The  particulars  for  the 
majority  of  the  fishes,  showing  the  rate  per  hour,  are  as  follows  : — 


Marketable. 

Unmarketable. 

Total. 

Haddock, 

Whiting, 

Codling, 

Lemon  Dab,       .... 

Plaice, 

Gurnard, 

8171 

18*1 

9-5 

4-5 

2-3 

67-6 

17*6 

2-2 

13*1 

374-7 

35-8 

117 

4-5 

2-3 

13-1 

On  the  20th  and  21st  August  a  number  of  other  hauls  were  made 
about  fifty  miles  £.  by  S.  from  the  Isle  of  May,  off  the  coast  of 
Northumberland,  in  from  thirty-four  to  thirty-six  fathoms.  The  catch 
was  of  much  the  same  character,  consisting  mostly  of  haddocks,  with 
some  whitings,  codlings,  plaice,  lemon  dabs^  common  dabs,  gurnards,  and 
an  occasional  cod. 

The  record  of  one  of  the  hauls  was  not  completely  taken,  the  unmarket- 
able fishes  being  omitted,  but  in  the  other  four,  the  time  of  actual  fishing 
being  thirteen  hours  and  twenty  minutes,  7257  fishes  were  taken,  the 
number  of  marketable  being  6342  and  of  unmarketable  915.  The  aveiuge 
per  hour's  fishing  was  thus  476*8  for  the  marketable  and  68*8  for  the 
unmarketable,  the  general  average  being  545  6.  The  total  number  of 
haddocks  caught  was  6292,  of  which  5811  were  marketable;  443 
whitings  were  taken,  294  being  marketable,  140  codlings,  forty  plaice, 
eighty-one  lemon  dabs,  and  some  others. 

The  averages  per  hour's  fishing  agree  very  well  with  those  of  the 
previouif  hauls  above  referred  to : — 


Marketable. 

Unmarketable. 

Total. 

Haddock, 

Whiting, 

CodUng.    

Lemon  Dab,      .... 

Plaice, 

Gurnard, 

436-9 

221 

8-1 

6-0 

8*0 

361 

12-2 

2-4 

12-4 

4731 

38-3 

10-6 

6-0 

30 

12-4 

|Tabli8. 
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Temperature. 

Time  Trawl 
Down. 

Fish  Caught 

Date. 

Depth 
in 

ace. 

9i     i     d 

Hauled. 

1 

Na 

Remark!. 

k* 

FuiB. 

i 

Name. 

Na 
taken  to 

thrown 
Over- 

Total 
No. 

< 

5 

S 

Market 

board. 

1              1 
1    1908. 

1 

! 

lerdeenMar.  16."     ..     '     ..     '     .. 

13  to     2.50 

aw 

Cod 

123 

•  • 

123 

Wiiid&&E. 

:,oa     ! 

1        1 

19 

a.m. 

a.m 

Codling,    . . 

195 

•  • 

195 

burgh. 

i            1 
1 

Haddock,  .. 
Gumaid,   .. 

Plaice 

Flounder,  .. 

4 

•  ■ 

166 

•  • 

•  • 

1 

28 

2 

4 

1 

184 

2 

1              ■                     1 
I                                   1 

12  to 

7.20 

11.40 

Thornback, 
Cod, 

•  • 

6 

5 

1 

1       1 

1 

478 

36 

614 

Same 

1 

ft                     •  • 

.. 

.  . 

8 

•  • 

8 

Heavy  Sea. 

lace. 

1 

18 

a.m. 

a.m. 

Codling 

4 

•  • 

4 

1 

Coal-flsh,  .. 

1 

•  • 

1 

1 

Haddock, . . 

84 

8 

92 

Whiting,   .. 

•  • 

7 

7 

Plaice 

20 

2 

22 

Lemon  Dab, 

4 

•  • 

4 

Witch, 

2 

2 

Com.  Dab, . . 

3 

3 

1 
1 

Starry  Ray, 

1 

1 

Grey  Skate, 

16 

16 

1 

1 

__ 

•    • 

8to 

12.16 

4.20 

Thornback, 
Cod, 

46 

45 

1 

1 
1 

121 

84 

206 

1 
«nleen|       „      i     .. 

47 

•  • 

47 

New- 

16 

p.m. 

p.m. 

Codling,    . . 

126 

•  • 

126 

?h  to 

* 

Coal-flah,  .. 

1 

•  • 

1 

oooth. 

Haddock 

Plaice, 
Witch,      .. 
Com.  Dab, . . 

Flounder 

Grey  Skate, 
Thornback, 

8 
92 

•  • 

63 
S 

80 
12 

1 
7 

3 
146 

9 

80 
12 

1 

7 

1 
1 

Lumpaucker, 

1 

1 

1 

269 

106 

376 

foray 

Mar.  17. 

■  • 

•    • 

7to 

4.35 

8.25 

Cod, 

4 

•  • 

4 

• 

rth. 

12 

p.m 

p.m. 

Codling,    . . 
Haddock,  .. 

3 

1 

4 

« 

rfaeMl. 

1 

3 

•  • 

2 

<^y* 

1 

Turbot 

1 

•  « 

1 

w 

1 

'                     1 

Brill, 

11 

•  • 

11 

! 

Plaice 

329 

a    a 

329 

1 

1 

Com.  Dab 

70 

204 

274 

1 

founder, . . 

14 

•  ■ 

14 

Cat-flah 

8 

•  • 

3 

1 

Gurnard 

•  • 

1 

1 

Thornback, 

•  • 

4 

4 

Starry  Bay, 

•  • 

2 

2 

1 

Angler, 

2 

1 

8 

439 

213 

662 

km« 

Mar.  17 

•  • 

• . 

•    ■ 

•  • 

9 

1.16 

Cod, 

S 

•  • 

2 

M)e. 

*18. 

1 
1 
I 

p.m. 

a.m. 

Codling,     . . 
Haddock,  .. 
Whiting,    .. 
BriU 

4 

"5 

8 
44 

32 

1 

7 
44 

32 
6 

1 

1 

Plaice, 

226 

•  • 

226 

Lemon  Dab, 

1 

•  • 

1 

Com.  Dab, 

66 

264 

220 

Flounder,  . . 

8 

•  ■ 

8 

Cat-fish,     . . 

4 

•  • 

4 

Thornback, 

8 

12 

16 

i 

Starry  Ray, 

4 

2 

6 

1 

Sandy  Ray, 

S 

4 

7 

I 

• 

1 

Angler, 

•  • 

24 

24 

• 

Herring,    . . 

•  • 

8 

8 

816 

388 

706 
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bi 

136; 

2ILM 

08 
SI 

!3 
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TRAWLING  INVESTIGATIONS— TABLE  II. 
Giving  particularB  as  to  Boxes  of  Fish  brought  to  Market. 

LARGE  HADDOCKS. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

142 
114 
128 

33-2-67-5 
33-4-67-3 
27 -6-48 -6 

36-7 
41-4 
38-8 

Lbs.  Oz. 
140   4 

•  •  • 

127   8 

Lbs.  Oz. 

132  14 
126   2 

78 

85 

114 

36  8-57-6 
36-1-60-5 

37  -54  2 

45-4 
45'3 

•  «  • 

143   - 
149   9 
134   4 

139  14 
148  10 

•  •  ■ 

From  Far6e. 

111 

110 

28 

36-1-54-5 
37  -60-1 
50  -71-4 

•  •  • 

•  t  • 

61-6 

127  12 
129  12 
127   3 

•  •  • 

126*"  10 

From  Iceland. 

117 
127 

87 

36-7-59-5 
34-2-64-0 
38  -62 

•  •  • 

•  •  • 

•  •  • 

135  - 

136  - 
132   7 

•  •  ■ 

•  •  • 

•  •  • 

94 

87 
87 

36-5-56 
39-0-64 
38-2-58-8 

•  ■  • 

•  •  • 

•  •  • 

136  - 

137  4 
130   - 

t  • « 

•  •  • 

•  •  • 

115 
135 
111 

33  -53 

34  -51 
36  -52-3 

•  •  • 

40-7 

• « ■ 

130  13 
137   8 
127   2 

134"  8 

•  •  • 

132 
148 
130 

31-7-54 
33  -37 
36-2-49-5 

•  •  • 

•  •  • 

106   - 
106   5 
112  14 

• « • 

•  •  • 

•  •  ■ 

134 
122 
120 

33-5-50-7 
33  -€6-3 
34-2-51 

•  «  ■ 

420 
42-0 

110  12 
136   8 
134   3 

135  12 
133   3 

103 
95 
90 

36-5-52-3 
35-5-54-3 
34-6-57 

•  •  • 

•  •  • 

•  •  • 

131   2 
127  13 
130   - 

96 
101 
102 

35-5-52 

29-5-51-6 

36-9-54-5 

■  •  • 

■  •  • 

121   8 
135   5 
140   4 

95 

102 

95 

35  -54-7 

35  -56-7 

36  -59-7 

■  •  • 
•  •  • 

137   3 
144  14 
131  14 

94 
95 
97 

37  1-57 -4 
34-8-60-5 
35-8-55-6 

•  •  • 

•  •  • 

•  •  • 

130  8 
127   3 

131  7 

35 
35 
35 

50-5-70-8 
52-7-73-5 
51-4-72  8 

59-2 
60-3 
60-1 

122  10 
128   3 
133  14 

Extra  L. 

it 
*i 

37 
38 
35 
83 

51-6-68-8 
50-7-66-9 
60-3-70 
347-631 

68-7 
58-5 
59-7 
44-9 

132   - 
127  15 
122  15 
131   6 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

>> 

90 


Part  IIL — Twe7Ui/'Seco7id  Annual  Report 


TRAWLING  INVESTKiATIONS— TABLE  II. 
MEDIUM  HADDOCKS. 


No.  of 
Fish. 

Length- 

-Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbs.    Oz. 

Lbs.    Oz. 

186 
180 
180 

30-3-37 
31    -38 
28-8-41 -3 

33-2 
33-8 
34-5 

124      3 

•  •  • 

121       4 

118  Hi 

119  - 

Also  1  wKlling  36-9. 

175 
209 
209 

28-6-39-5 
30-9-381 
31-3-37-6 

34-5 
341 
34-0 

119      8 
128      8 
126    12 

118      8 
126     10 
123      4 

159 
233 
221 

31-6-40-6 
29-8-35-1 
29 -6-37  1 

•  •  • 

•  •  • 

33-1 

118      4 
120     12 
118      8 

•  •  • 

117*   13 

223 

30    -38-2 

34-3 

124      6 

122     14 

Also  1  whiting  28  0  i 

185 
179 

32-6-38-5 
30-a-40-3 

•  •  ■ 

•  •  • 

130      - 
126      8 

•  •  • 

em.,  4  oz. 

180 
169 
190 

28-9-44-9 
301-40- 
26  ^-W) -6 

•  •  « 

129      4 
121     10 
121      - 

■  «  • 
•  •  • 

184 
176 
173 

29-5-38-2 
32-  -39-4 
29-8-39-7 

•  • 

•  • 

•  •  • 

126      8 
124      8 
124      5 

•  •  • 

ft  •  a 

168 
207 
195 

30-4-41- 
310-38-5 
28    -39-4 

•  •  ■ 

•  •  • 

•  • 

120      7 
124    12 
123      2 

158 
151 
226 

27-8-53-2 
32-2-48-5 
27-3-40-6 

36-4 

a2-6 

123     12 
123      8 
128     11 

121      9 

a  •  • 

at* 

167 
192 
230 

26-8-38- 

28-4-40-6 

30-2-39-6 

•  •  ■ 

•  •  a 

•  ■  • 

108      4 
126      9 
139      - 

•  •  a 

•  •  • 

181 
212 
209 

31  -4^41  -3 
29-5-37-5 
26  9-40-1 

•  •  • 

•  •  • 

•  • 

129      - 
121     12 
124      1 

aft* 
a  ft  a 

222 

189 
177 

29-6-43-9 

25-3-39- 

28-7-40-2 

•  •  • 

•  •  • 

•  ft  • 

126      9 
123      6 
122      3 

•  •  • 

182 
148 

27-6^38-9 
32-4-48-4 

•  •  « 

•  at 

125    14 
124     19 

a  a  ft 
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TRAWLING  INVESTIGATIONS-TABLE  II. 
SMALL  HAI)1X)CKS. 


No.  of 

Length — Cni^ 

Weight. 

Remarks. 

Fish. 

m 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbb. 

Oz. 

Lbs.  Oz. 

287 

246 
259 

22-4-30 -2 

26  •3-25- 
22-8-35  1 

•  •  • 

30-3 

•  •  • 

103 

110 
111 

13 
4 

•  •  • 

105   4 

•  • 

Also  5  whitings  and 
6  codlings. 

264 

280 
262 

24-a-36-7 

24-8-30-7 
27-9-33-4 

31-0 

•  ■  • 

•  •  • 

120 

119 
112 

6 
15 

120   2 

•  •  • 

•  •  • 

Also  1  whiting  30*1 
and  5  oz. 

247 
240 
247 

27-5-36-4 
26-6-36-6 
26-1-36-0 

32-5 
31-5 
31-6 

114 
116 
1-22 

15 
6 

8 

114   - 

•  •  • 

122   4 

255 
293 

268 

26-8-35-6 
24-4-36-4 
25-6-36-2 

31-9 
31-1 

•  •  • 

128 
134 
121 

12 
2 

126  12 

•  •  • 

273 
269 
257 

23-2-33-6 
23-1-33-5 
21-9-33-8 

30-2 
31-1 
30-4 

114 
114 
106 

8 

8 

12 

■  •  • 

■  •  • 

277 
271 
268 

24-2-34-8 
23-1-34-3 
24-7-33-5 

30-6 

30- 

30-3 

117 
103 
108 

10 

12 

5 

t  •  • 

•  •  • 

•  •  • 

287 
249 
247 

273 
278 
261 

22-8-34-3 
24-^-34-3 
21-6-34-7 

21-9-33-7 
23-1-34-7 
21-7-34-6 

29-9 

•  • « 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

113 
103 
101 

107 
110 
113 

13 
12 
10 

12 
4 
2 

•  •  • 

• « • 

•  •  • 

109"'  8 

•  •  • 

Also  2  whitings  41*1 
and  46-3  cm. 

258 
319 
216 

25  0-35-6 
24-5-36-6 
27-0-34-6 

30-2 
29-4 

•  •  • 

108 
123 
104 

8 

0 

12 

107  12 
122  15 

•  •  • 

231 
203 
274 

28-2-341 
27-8-34-8 
26-8-33-2 

•  •  • 

31.5 

•  •  • 

108 
102 
122 

2 

15 

2 

•  •  t 

•  •  • 

•  •  a 

270 
223 

24-3-34-8 
26-9-36  0 

30-7 
31-4 

127 
109 

4 
12 

127 

Also  1  whiting  43-5 

208 

27-4-37-0 

32-5 

115 

- 

113   2 

cm. 

221 
211 
250 

27-6-34-6 
281-35-3 
25-  -35-1 

•  •  • 

•  •  • 

no 

102 
114 

4 

13 

2 

•  •  • 

2218 
241 
226 

23-4-33-9 
24-8-35-5 
26-3-34-5 

■  •  • 
•  •  • 

105 
106 
105 

7 
14 

•  •  • 

•  >  • 

228 
255 

26-4-34-9 
24-8-35-2 

•  •  • 

•  •  • 

104 
107 

10 

•  •  • 

•  •  t 
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TRAWLING  INVESTIGATIONS— TABLE  II. 

CODLING. 


No.  of 
Fish. 

I^ength — Cm. 

Weight. 

Remarks. 

Range. 

• 

Average. 

In  Bulk. 

Separately. 

Lbs.    Oz. 

Lbs.    Oz. 

39 

85 
51 

38  •2-66-8 

361-60-5 
30-4-73 

56-6 

45-3 
49-6 

•  •  • 

149      9 
127      6 

114    15i 

148    10 
126      9 

Also  1  cat-fish,  2  lbs. 
5|  oz. 

47 
77 
30 

30-3-69-6 
29-5-71-9 
34   -77-5 

48-1 

•  •  t 

•  •  • 

1-24    13 
133      - 
125      - 

118    14 

Also  1  ling,  73 -6 cm., 

5  lbs.  2  oz. 
Also  1  ling,   53  cm. , 

and  1  whiting. 

35 
42 
39 

41-5-74-9 
28    -68-8 
41-2-73 

• » fl 

•  •  • 

•  •  • 

156      4 
125      6 
128      9 

36 
70 
44 

34 

74 
40 

38    -74 

28-5-66-6 

30-a-76 

36-1-75  1 
29    -70-4 
28-5-72 

•  •  • 

•    9   • 

51-2 

•  •  • 

■  •  • 

•  •  • 

132    13 
137      6 
127    10 

122    12 
131      - 
124      - 

125*    9 

Also  1  ling,  58  cm. 

Also    1  ling,     1   lb. 
12  oz. 

47 
26 
68 

34-9-71-8 
50-4-78-3 
28-2-78-5 

•  •  • 
• « • 

•  •  • 

131     14 
125      8 
135      3 

51 
68 
53 

37-2-76- 

31-2-65-1 

34-4r-71-9 

50-4 
43-6 
50-6 

136    12 
132    12 
139      - 

135      8 
131     10 
138      2 

58 
35 

40 

33-2-80-8 
36-5-71-1 

34-8-71-6 

45-7 
54  0 

51-5 

135      - 
125      4 

•  •  • 

134      8 
121       1 

128      9 

Also  1  ling,  60-6= 
2  lbs.  8  oz. 

26 
56 

42-4-70-4 
28-3-62-6 

59-0 
39-6 

•  • « 

•  •  • 

116      - 
93      7 

Ungutted, 
>> 
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TRAWLING  INVESTIGATIONS— TABLE  II. 

WHITING. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

Li  Bulk. 

Separately. 

Lbe.   Oz. 

Lbs.   Oz. 

155 
180 

30-3-53-5 
281-450 

38- 
35-9 

•  •  • 

131      3 

125      2 
130    11 

Also  1  haddock,  1  lb. 

10  oz. 
Also  1  haddock,  34*0 

157 

30    -52-4 

•  •  • 

128    12 

•  •  * 

=6  oz. 

192 

28  •6-46-3 

•  •  • 

129      4 

■  ■  • 

216 

24 -2- 481 

34-3 

91      5 

91      5 

260 
218 

183 

24-7-44-7 
22-2-46-7 

27-3-43 

•  •  • 

•  •  • 

33-2 

109    11 
94      6 

117      4 

•  •  • 

•  •  • 

113    10 

Also  1  haddock,  32*0 
and  1  codling,  43*2. 

Also  2  haddocks, 
31-8,  28-8,  and  1 
codling,  38-3. 

Line,  ungutted. 

123 

32-2-44-2 

36-6 

106      - 

97    12 

Do.        do. 

183 

27-9-34-7 

310 

87      7 

86      5 

Do.        do. 

138 

29-2-45 

34-9 

103      - 

101      9 

Do.        do. 

85 

31-^-46-2 

37-2 

90      9 

86    10 

Do.        do. 

225 

27-3-40-2 

321 

118      5 

116    12 

Also  4  haddocks  25  '5 
— 27-2-llb.4oz. 

04 


Part  in. — Twmiy -second  Annual  Report 


trawling  invksticiations-tablk  ii. 
s:mall  whiting. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

RaDgc. 

Average. 

In  Bulk. 

Separately. 

279 

351 
415 

274 
257 

24-3-33-6 

20-6-32-6 
20-a-33-9 

24-7-33-7 
23-1-36-5 

•29-5 
26-4 

•  t  • 

28-5 
27-3 

Lbs.   Oz. 
106      5 

97     13 
113      4 

92      - 
91     14 

Lbs.    Oz. 
103     13 

96      5 

•  •  • 

90      2 
89    14 

Round,      ungutted. 
Also  3  hc^docks 
-=10  oz. 
Line,  gutted. 
Also  1  haddock  21  0 

cm. 
Line,  gutted. 
Line,  ungutted. 

LARGE    PLAICE. 


No.  of 
Fish. 

Length- 

-Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbs.   Oz. 

Lbs.   Oz. 

60 
24 
24 

40    -66-8 
55-7-73-5 
61  0-69-3 

■  •  • 

■  •  • 

136    15 

140  11 

141  2 

27 
26 
27 

561-64  0 
60-8-66 -0 
63-4-68-2    • 

•  t  • 

144      4 
150      4 
140    12 

35 
24 
25 

47    -59-7 
55-3^-72 

52-8-69-7 

■  •  • 

60-4 

129      4 
139      8 
149      1 

42 
11 
17 

33 -7-67 -9 
67-9-87-6 
52-6-«0-8 

•  •  ■ 

74-8 
64-0 

135      9 
138      6 
132    13 

15 
21 
23 

55-9-78-8 
66-  -73-3 
551-68-3 

66-2 
631 
60-4 

132    12 
147     10 
139     14 

24 
23 
23 

64-7-68-4 
55-7-68-7 
54-3-70-1 

601 
60-7 
61-4 

144      - 
135    11 
146     12 

1 
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TRAWLING  INVESTIGATIONS-TABLE  II. 
MEDIUM    PLAICE. 




Length — Cm. 

Weight. 

No.  of 
Fish. 

Remarki. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbe.  Oz. 

Lbs.  Oz. 

144 

30  -53-0 

35-8 

131  ^ 

•  •  ■ 

134 

29-2^7 -5 

34-2 

135  13 

•  •  • 

66 

30-6-50 -6 

41-3 

129   - 

128   1 

109 

30-7-46 -2 

36-6 

126   8 

•  •  • 

89 

30-1-55-4 

38-6 

131   5 

■  • 

73 

33-2-55-5 

42-2 

125   5 

125  10 

90 

33-7-54 

•  •  • 

133   - 

•  •  • 

88 

33-6-51-5 

•  •  • 

132   - 

•  •  • 

84 

33-6-64-5 

39-0 

137  15 

137  12 

79 

30-5-52 

40-0 

127   5 

126  12 

61 

32-3-57-7 

43-3 

« •  • 

124  13 

47 

38-*2-^-2 

46-0 

119   4 

117  12 

115 

30  -57 

35-6 

128   8 

128   1 

Small,  medium. 

60 

33-4-54-5 

•  •  • 

148   - 

56 

31-0-56-7 

•  ■  • 

145   - 

56 

32-7-54-8 

•  •  • 

135   - 

54 

29-2-56-6 

•  •  • 

121   - 

59 

33-3-54-5 

•  •  ■ 

147   8 

59 

33-6-60-9 

•  •  • 

137  12 

63 

29-9-53-4 

•  •  • 

139  12 

54 

28-6-53-4 

•  •  • 

135   3 

58 

32  -56-8 

•  •  • 

143   6 

66 

32-4-61 

•  •  • 

137  14 

70 

331-54-6 

•  •  • 

144  12 

75 

35  -51 

■  •  • 

140   7 

63 

32*2-51 -4 

•  •  • 

142   2 

66 

33-5-57  1 

42-6 

130  13 

129  '  8 

74 

33-1-54 

441 

128  16 

128  14 

122 

30-4-44-9 

34-8 

129   8 

129   6 

96 

30-5-56-8 

36-8 

140   3 

•  •  • 

89 

31-5-48-1 

•  •  ■ 

138  13 

•  • 

96 
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TRAWLING    INVESTIGATIONS— TABLE  II. 

SMALL   PLAICE. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

205 
215 
210 

217 
150 
107 

145 

22-3-36-2 

24-1-35 

23-4-35-6 

22-8-36 

26-3-39-6 

31-4-40-2 

24-7-38-4 

29*4 
29-4 

•  •  • 

•  •  • 

32-5 

•  •  • 

•  •  • 

Lbs.   Oz. 

131    134 

128  - 

129  8 
129    10 
118    10 

141      3 

Lbs.   Oz. 
126      7 

•  ■  • 

•  • 

•  • 

•  •  • 
■  •  • 

•  •  • 

f 
t 
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TRAWLING  INVESTIGATIONS— TABLE  II. 


LARGE    WITCHES. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbs.   Oz. 

Lbs.   Oz. 

133 

143 

113 
119 
129 

32-7-47-8 
33-6-49-7 

32-5-49-3 
32   -50 
31-8-53 

39-7 
39-4 

43-2 
42-7 
39 

•  ■  • 

•  •  • 

•  •  • 

125      4 

125      li 

121      8 

134      4 
137    12 
123      7 

Also  3  megrim8=3 

lbs.  10}  oz. 
Also    1    megrim =1 

lb.  7  oz. 

Also  1  megrim =8  oz. 

131 
115 
143 

33-5-49-6 
31-0-^-3 
29-8-481 

38-3 

•  •  a 

121     13 
136    13 
142      7 

•  •  • 

136      4 

•  •  • 

137 
152 
161 

30-1-48 
30-8-47-6 
33    -45-7 

■  ■  • 

•  •  ■ 

•  •  • 

132  - 
128      8 

133  3 

t  •  • 

•  •  • 

•  •  ■ 

156 
160 
125 

31-3-47-5 
32-3-50-1 
32-4-49 

38-7 

•  •  t 

41-6 

186    10 
127    13 
123      8 

135    12 
122    15 

99 

32-8-53-6 

40-7 

122      6 

121       1 

Gutted. 
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TRAWLING  INVESTIGATIONS— TABLE  II. 
SMALL    WITCHES. 


Length — Cm. 

Weight. 

No.  of 
Fish. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbs.   Oz. 

Lbs.    Oz. 

292 

22 -6-35 -2 

29-8 

103      8 

•  •  • 

Also  12  megrims  and 
2   lemon  dabs— 
6  lbs.  7  oz. 

323 

19    -35-2 

107      4 

•  •  • 

441 

19-8-34-6 

116    10 

423 

181-33-7 

106    13 

315 

24-0-40-6 

130      4 

240 

28-2-40 

114      0 

298 

21-6-36-9 

106      8 

304 

19-7-36-2 

111     12 

302 

24-2-379 

104      6 

378 

21-1-34-6 

93      5 

407 

19-1-37-3 

122    14 

•  • 

SMALL   LEMON    DABS. 


No.  of 
Fisli. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

193 
256 

17-3-32-8 
20-6-34-7 

26-8 

•  •  • 

Lbs.   Oz. 

104      5 
111      8 

Lbs.   Oz. 

•  •  • 

•  •  • 

oj  the  FisJury  Board  for  Scotland. 
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TRAWLING  INVESTIGATIONS— TABLE  11. 
LARGE    LEMON    DABS. 


Naof 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range. 

Average. 

In  Bulk. 

Separately. 

Lbs.    Oz. 

Lbs.   Oz. 

115 

99 

100 

28-5-44 -3 
29 -9-46 -7 
28-7-46 -0 

35-3 
37-6 

•  •  • 

142      - 
145      4 
134      - 

138    12 
145      8 

•  •  • 

93 
104 
115 

29-7-46-7 
28-1-48-2 
28-8-47-6 

38 

•  •  ■ 

35-8 

147     15 
147     12 
151      6 

145      3 
150      0 

89 
91 
97 

26-4-47-7 
26-9-45-2 
27-0-45 

•  •  • 

•  •  • 

37-6 

135      6 
134    11 
142      7 

•  •  • 

•  •  • 

141      5 

88 
93 

85 

28-1-481 
31    -44-7 
30-5-46-6 

37  5 

■  •  • 
•  •  • 

127    15 

140  1 

141  2 

126    11 

• « • 
•  •  • 

88 

84 

110 

26-4-46-3 
27-6-46-7 
29   -46-4 

•  •  • 

39-0 
36-9 

140  14 

141  9 

142  4 

140  '  12 

141  13 

83 

114 

84 

28-8-47-4 
29   -46-0 
32-1-45-9 

38-2 
36-0 

•  •  • 

129      6 
149      5 
146    13 

129      0 
146    10 

•  •  • 

COMMON    DABS. 


No.  of 
Fish. 

Length — Cm. 

Weight. 

Remarks. 

Range.    . 

Average. 

In  Bulk. 

SeT>arately. 

Lbs.   Oz. 

Lbs.   Oz. 

115 
109 

21-9-40-6 
21-7-38-6 

27-7 

•  •  • 

•  •  t 

•  •  • 

59    15| 

•  •  • 

Also  1  megrim  and 
4  lemon    dab6= 
1  lb.  6}  oz. 

I 
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II.— CONTRIBUTIONS  TO  THE  LIFE -HISTORIES  OF  THE 
EDIBLE  CRAB  {CANCER  PAGURUS)  AND  OF  OTHER 
DECAPOD  CRUSTACEA  :  -IMPREGNATION  :  SPAWN- 
ING :  CASTING :  DISTRIBUTION :  RATE  OF  GROWTH. 
By  H.  Chas.  Williamson,  M.A.,  D.Sc,  Marine  ^Laboratory, 
AberdeeD.     (Plates  I.- V.) 
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In  the  Eighteenth  Annual  Report  of  the  Fiehery  Board  (1900)  I 
published  a  paper  dealing  generally  with  the  life-history  of  the  crab. 
Since  then  I  have,  as  occasion  offered,  continued  my  observations  on  this 
form,  and  on  other  Decapod  Crustacea.  Attention  has  been  directed 
specially  to  the  phenomena  of  Impregnation  and  Spawning.  While  the 
fact  of  the  impregnation  was  well  evidenced  by  the  presence  of  the 
internal  spermatheca  liberally  stocked  with  sperms,  the  exact  mode  in 
which  the  sperms  were  transferred  to  the  female  was  not  very  apparent. 
With  a  view  to  elucidating  the  process  a  detailed  examination  has  been 
made  of  the  copulatory  organs  of  the  male,  and  the  spermatheca  of  the 
female.  While  every  stage  in  the  process  of  impregnation  has  not  yet 
been  determined,  still  a  considerable  advance  towards  the  full  description 
of  it  has  been  attained. 

In  connection  with  the  spawning  of  the  higher  Crustacea  the  attach- 
ment of  the  eggs  to  the  endopodite  branches  of  the  pleopods  has  been 
variously  described.  The  secret  of  the  attachment  has  been  ascribed  to 
various  agencies,  the  principal  of  which  has  been  the  assistance  of  a 
strong  cement  which  glued  the  eggs  to  the  hairs.  This  I  have  been  able 
to  show  is  not  the  case.     The  stalk  of  the  egg  is  really  formed  by  the 

•  "  Contributions  to  the  Life-History  of  the  Edible  Crab  (Oan<;er  pagurut)."     Kif/hteeiUh 
AnnutU  Report  of  the  Fisfterif  Board,  Part  111. 


of  the  Fishery  Board  for  Scotland  101 

outer  envelope  of  the  egg.  The  chorion  of  the  egg  is  pierced  by  a  hair 
of  the  endopodite.  T)ie  hair  skewers  the  eggs  on  one  after  the  other 
until  it  is  filled. 

Observations  on  the  distribution  of  the  edible  crab,  and  additions  to 
the  list  of  the  labelled  crabs  which  have  been  recaptured,  are  also 
included  in  this  paper. 

Impreonatiok. 

The  act  of  impregnation  is  not  very  easily  studied.  It  takes  place 
immediately  after  the  female  crab  has  cast.  The  conjunction  of  the  male 
with  the  female  is  so  close,  and  at  the  same  time  so  readily  broken,  that  it 
is  not  possible  to  follow  the  act  completely  by  direct  observation.  The 
study  of  the  anatomy  of  the  parts,  however,  enables  one  to  understand  the 
operation  in  a  satisfactory  degree.  While  it  is  probably  the  case  that  in 
the  Brachyura  impregnation  takes  place  in  a  similar  way  in  each  species, 
still  the  great  variety  in  the  form  of  the  intromittent  organ,*  and  also  of 
the  vagina,  of  different  species  naturally  infers  a  certain  amount  of 
dissimilarity  in  the  details  of  the  operation. 

An  attempt  was  made  to  observe  the  fertilisation  in  Cancer pagurus,  but 
actual  coition  was  not  seen.  The  female,  which  had  just  cast,  was  put  in 
beside  a  hard  male  crab.  The  female  was  so  soft  that  it  3rielded  to  the 
pressure  of  the  fingers  in  every  part.  It  lay  a  plump,  almost  inert  mass 
when  it  was  withdrawn  from  the  water.  The  male  was  in  a  box  a  little 
more  than  1  ft.  cube.  The  female  was  introduced  at  the  corner  farthest 
away  from  it.  The  female  immediately  made  its  way  towards  the  male, 
and  when  it  came  within  reach  of  its  chelsB  it  remained  perfectly  still : 
the  male  then  gathered  the  female  up  with  its  legs  and  tucked  her  under- 
neath him.  Sometimes  the  female  was  right  side  up,  at  another  she  was 
turned  upside  down  beneath  the  male.  In  the  case  of  Carcinua  moenas, 
the  male,  on  seizing  hold  of  the  female,  immediately  introduces  its  penes 
into  the  vulvae.  This  did  not  happen  in  the  case  of  Cancer  pagurus. 
This  species  appeared  less  at  home  in  the  boxes :  the  quantity  of  light 
was  probably  too  great.  The  male  and  the  female  were  accustomed  to  lie 
perfectly  still.  The  former  does  not  injure  the  female  except  by  accident, 
as  for  example  when  it  is  interfered  with.  The  crab  is  extremely  quick  in 
noticing  a  shadow  cast  on  the  water,  and  throws  its  chelae  wildly  about 
to  find  the  foe  whose  presence  has  been  thus  heralded.  On  one  occasion, 
when  the  two  crabs  had  been  separated  in  order  to  be  examined,  the  male  on 
being  released  blindly  striking  out  seized  the  chela  of  the  female  and 
destroyed  the  limb.  Impregnation  was  efiected  in  the  case  of  the  crabs 
(C  pagurus)  in  the  Laboratory,  but  probably  at  night,  a^  it  was  not 
observed.  « 

The  male  sexual  organ  consists  of  three  parts.  First,  the  genital 
papilla  (fig.  47),  which  contains  the  external  opening  of  the  vaa  deferens^ 
v,d.;  second  and  third,  the  appendages  of  the  first  and  second  abdominal 
segments.  Each  of  these  organs  is  paired,  so  that  there  is  a  double  male 
organ,  consisting  of  three  parts.  The  female  genital  organs  are  also 
paired. 

The  genital  papilla  (^.p.,  figs.  39,  41,  47)  is  situated  on  the  coxopodite 
of  the  fifth  pereiopod.t  The  vas  deferens  issues  through  a  hole  (o.,  fig.  55a) 
in  the  coxopodite,  and  is  protected  externally  by  the  wide  sac-like  genital 
papilla,  the  wall  of  which  is  strong  though  soft.  The  papilla  is  capable 
of  distension,  and  in  the  living  crab  is  usually  turgid.  This  condition 
appears  to  be  due  to  the  introduction  of  fluid  into  the  space  surrounding 

*  Brocchi. 
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the  vaa  deferens.  The  hole  in  the  cczopodite  round  which  the  base  of  the 
papilla  is  attached  is  situated  close  to  the  proximal  edge  of  the  bone,  and 
when  the  limb  is  drawn  forward  the  base  of  the  papillla  is  pressed  up 
against  the  edge  of  the  sternum  of  the  thorax  (c.j9.,  figs.  39  and  41).  The 
effect  of  this  is  to  render  the  papilla  more  tense  and  erect.  The  outer 
skin  is  invaginated  into  the  end  of  the  vas  deferens.  Within  the  papilla  there 
is  on  the  vas  deferens  a  valve  (v.,  fig.  47)  surrounded  by  a  white  mass, 
probably  muscular.  The  genital  papilla  has  been  termed  the  penis 
(Duvemoy*).  It  is  not  the  penis  in  Cancer  pagunis ;  it  is  a  physical 
impossibility  for  the  genital  papillse  to  reach  the  vulvse  of  the  female. 
The  sperms  have  to  be  transferred  from  the  papilla  by  means  of  the 
abdominal  appendages.  The  remaining  genital  organs  are  the  abdominal 
appendages.  They  are  attached  to  the  first  and  second  segments  and  are 
very  dissimilar  in  form.  They  are  in  fact  complementary.  The  first 
appendage  is  of  tapering  shape,  and  is  tubular.  The  tube  is  formed 
by  the  involution  of  its  sides.  The  second  appendage  is  a  long  rod, 
bent,  and  jointed  about  the  middle  of  its  length.  Different  authors  have 
ascribed  different  functions  to  these  appendages.  Thus  they  have  been 
regarded  as  "  exciting  organs,''  which  were  introduced  into  the  vaginae  of 
the  female,  and  on  being  withdrawn  their  places  were  taken  by  the  genital 
papillas.  Duvemoy  described  the  first  abdominal  appendage  as  a  duct 
for  transferring  the  sperms  from  the  '*  penis "  (genital  papilla)  to  the 
spermatheca ;  the  second  abdominal  appendage  he  supposed  to  be  a  sort  of 
strut,  which  rested  on  the  thorax  of  the  female  and  thus  formed  a  sort  of 
prop  between  the  male  and  female  when  in  coiiu.  Neither  of  these 
descriptions  meets  the  fact.  The  first  and  second  abdominal  appendages 
together  form  one  organ,  the  penis.  The  second  or  rod-like  appendage  is 
during  copulation  inclosed  within  the  first  penis  and  moves  up  and  down 
in  it  like  the  plunger  of  a  pump. 

It  is  first  necessary  to  describe  the  abdominal  appendages  in  detail. 
The  first  appendage,  which  will  be  hereafter  referred  as  the  first  penis 
(while  the  second  abdominal  appendage  will  be  denominated  the  second 
penis),  is  the  more  complicated. 

Ths  First  Penis. 

The  first  segment  of  the  abdomen  bears  a  large  chevron-shaped 
expansion  on  its  ventral  surface  (fig.  65).  This  chevron  is  really 
double;  a  small  chevron  (t'.cA.),  which  is  united  with  the  larger 
(o.ch,f  fig.  46)  posteriorly,  is  hid  beneath  the  latter  anteriorly.  The  double 
chevron  is  continued  backwards  on  either  side  as  a  broad  wing-like  plate, 
at  the  end  of  which  is  attached  the  first  penis  (1  p,).  The  first  penis 
consists  of  two  parts,  a  short  basal  joint  and  a  long  tubular  distal  part 
(fig.  37).  The  basal  joint  consists  of  a  peculiarly  shaped  bone  (&.,  figs. 
ib.  and  59)  to  which  is  attached  some  loose  membranous  tissue.  The 
membranous  tissue  is  shown  in  the  sketches  by  dotted  areas.  The 
involution  of  the  two  sides  of  the  distal  portion  forms  a  single  tube  open- 
ing by  the  separation  of  the  two  sides  at  the  top.  The  opening  is 
towards  the  median  line.  Fig.  25  shows  a  transverse  section  of  the  first 
penis  near  the  tip,  with  the  second  penis  in  situ.  The  outer  skin  of  the 
penis  is  hard  bony  chitin,  but  lining  the  tube  the  inner  surface  is  soft 
flexible  membrane.  The  latter  is  shown  in  the  sketches  by  a  thick 
black  line.  Fig.  16  shows  an  intermediate  section,  and  fig.  4  exhibits  a 
transverse  section  near  the  base.    It  shows  the  sides  of  the  penis  drawn 

*  Duvemoy.  "Fra^enta  sup  les  organes  de  s^ndration  de  divers  animaux." 
Mimoires  <U  VAcadtnie  da  Sciences  de  VIntlUut  de  France,  i,  xziii.,  p.  105,  PI.  I. -IX., 
Paris,  1853. 
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apart^  throwing  the  second  penis  outeidoi  but  at  the  same  time  a  longitudinal 
septum  (m.,  figs.  37,  59,  60)  has  appeared  which  continues  the  tube.  It  is 
merely  a  continuation  of  the  side  of  the  penis  by  a  soft  flexible  membrane 
instead  of  by  the  hard  chitin  wall.  The  second  penis  is  situated  behind 
the  first,  and  when  it  is  introduced  into  the  fii'st  penis  it  crosses  over  this 
membrane,  which  yields  readily  to  pressure.  In  length  the  membrane  is 
short ;  it  is  united  below  to  the  basal  bone  and  forms  the  tissue  binding 
that  bone  on  one  side  to  the  tubular  part  of  the  first  penis.  In  fig.  10  is 
shown  a  transverse  section  through  the  base.  The  basal  bone  (&.,  fig.  59), 
has  a  large  segment  cut  out  of  it,  leaving  its  proximal  part  simply  a 
narrow  rim  to  which  the  membranous  septum  is  attached.  The  membrane 
stops  just  a  little  beyond  the  point  where  the  intumed  edges  of  the  penis 
meet  and  form  the  tube. 

The  tube  of  the  penis  opens  in  the  base  on  the  anterior  side.  The 
posterior  side  of  the  beginning  of  the  tube  is  formed  by  the  membrane. 
The  genital  papilla  is  inserted  in  the  beginning  of  the  tube.  When 
the  second  penis  is  in  the  first,  its  broadened  base  lies  on  the  posterior 
surface  of  the  basal  joint.  Any  pressure  of  the  second  penis  due 
to  its  movement  is  transmitted  through  the  membrane  to  the  genital 
papilla  (fig.  60).  Moreover,  as  will  be  shown  later,  the  second  penis  moves 
up  and  down  in  the  first  in  a  manner  similar  to  that  of  the  plunger  of  a  pump; 
80  that  sperms  or  spermatophores  ejected  from  the  vas  deferens  into  the  penis 
tube  will  be  pumped  up  and  out  of  it.  The  groups  of  hairs  that  are  found 
on  the  wing  of  the  chevron  and  round  the  basal  joint  act  as  valves  or 
packing  round  and  in  the  beginning  of  the  tube. 

The  Second  Penis, 

The  second  penis  is  rod-like.  It  consists  of  three  main  parts,  first  an 
arm  from  the  end  of  which  the  rod  rises  at  right  angles  {ar,^  figs.  65,  61, 
etc.).  This  arm,  which  is  fused  to  the  ventral  edge  of  the  second  joint,  is 
formed  in  its  lower  half  of  chitin  and  in  its  upper  part  of  soft  membrane, 
in  figs.  65  and  68.  The  arm  is  the  immovable  part  of  the  second  penis. 
From  its  posterior  extremity  rises  the  movable  penis.  It  consists  of  two 
parts,  viz.,  a  base  and  the  rod.  The  base  consists  of  two  bones,  a.  and  &., 
figs.  53, 54,  and  56,  loosely  connected  together  and  to  the  proximal  end  of 
the  rod  with  soft  membrane.  The  largest  bone  is  of  a  tooth-shape.  It 
consists  of  a  rather  broad  tooth  rising  from  an  expanded  base.  The  other 
is  a  narrow  somewhat  bow-shaped  bone.  The  loose  integument  between  it 
and  the  other  basal  bone  permits  of  the  former  folding  over  towards  the 
latter  to  a  considerable  degree. 

The  proximal  end  of  the  rod  is  expanded  and  cut  obliquely  off  {ih,), 
Distally  the  rod  tapers,  at  first  rapidly  then  gradually,  up  to  about  two- 
thirds  of  its  length,  where  there  is  a  joint  permitting  a  slight  amount  of 
movement.  The  loose  part  of  the  rod  is  curved,  with  the  convexity  forward. 
At  the  joint  there  is  on  the  anterior  side  a  little  tuft  of  long  spine-like 
teeth  {pig,  104).  Above  the  joint  the  rod  tapers  more,  and  it  is  curved 
in  the  opposite  sense  to  the  proximal  portion.  The  tip  bears  a  depressed 
oval  cap  set  obliquely  on  the  end  ;  it  is  fringed  with  teeth  (fig.  105).  The 
top  of  the  rod  is  cast  slightly  in  towards  the  median  line. 

The  Muscidar  System, 

The  Abdombn.— The  posterior  edge  of  the  carapace  has  attached  to  its 
under  surface  on  each  side  a  membranous  plate  directed  forward  into  which 
a  muscle  is  inserted.  This  plate  is  attached  by  a  strong  membrane  to  the 
edge  of  the  outer  chevron,  and  the  muscle  is  inserted  into  the  posterior 
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edge  of  the  epimeron.  The  trancated  membranous  tip  of  the  first  abdo- 
minal segment  is  attached  round  its  sides  to  the  inside  of  the  carapace. 
The  inner  chevron  is  attached  by  a  long  jointed  rod  (r.,  figs.  52  and  65)  to  a 
delicate  muscle  inserted  on  both  sides  of  the  bottom  of  the  thoracic  cavity. 
A  small  muscle  arises  on  the  under  surface  of  the  outer  chevron  and  joins 
this  bony  rod.  The  outer  chevron  is  fastened  to  the  posterior  edge  of  the 
thoracic  cavity  by  means  of  a  membrane  attached  to  its  anterior  edge. 

The  muscular  system  of  the  abdomen  of  the  Brachyura  has  been  briefly 
described  by  Duvemoy.  Fig.  52  shows  a  median  longitudinal  section  of 
the  abdomen  of  the  male  Cancer,  Half  of  the  abdominal  muscles  only 
are  of  course  shown.  The  muscles  consist  of  flexors  and  extensors. 
There  are  two  very  long  flexors,  arising  on  the  thorax,  and  being 
inserted  one  into  the  telson,  the  other  into  the  skin  covering  the  ventral 
surface  of  the  united  third,  fourth,  and  fifth  joints.  The  abdomen  is  flexed 
or  extended  as  a  single  structure.  The  telson  has  movement  independent  of 
the  remainder  of  the  abdomen ;  thus  it  may,  when  the  abdomen  is  flexed 
on  to  the  thorax^  be  bent  backwards  from  the  thorax  to  permit  the  escape 
of  the  faeces,  while  the  abdomen  itself  remains  fast.  Between  the  second 
and  third  joints  and  between  the  sixth  joint  and  telson  there  are  pairs  of 
muscles  (a  flexor  and  extensor  on  each  pair).  At  each  of  these  joints 
there  is  a  larger  movement  than  at  the  other  abdominal  joints.  Between 
1  and  2,  and  between  2  and  3  the  action  of  the  joint  is  extension  and  flexion  : 
the  latter  joint  is  freer  than  the  former  and  afifbrds  more  extension  than 
any  of  the  joints :  between  5  and  6  there  is  flexion  alone  practically :  and 
between  the  sixth  and  the  telson  there  is  flexion  mainly,  but  also  extension. 

First  Penis. — In  the  first  penis  there  is  a  muscle  which,  arising  on  the 
surface  of  the  basal  bone  {h,)  and  also  from  the  side  of  the  tubular  part,  is 
inserted  farther  up  the  same,  mu,^  fig.  59,  and  1,  fig.  48.  The  muscle  will 
have  the  effect  of  tending  to  cause  the  bending  of  the  two  parts  of  the 
penis  towards  one  another.  There  are  in  addition  two  muscles,  2  and  J, 
fig.  48,  which  arise  from. the  outer  half  of  the  chevron  and  are  inserted 
into  the  basal  bone.  The  upper  muscle  draws  the  first  penis  forward : 
the  lower  tends  to  rotate  the  penis. 

The  two  sides  of  the  double  chevron  are  connected  by  membrane. 
The  chevrons,  although  fixed  to  the  first  abdominal  segment,  are  not 
absolutely  rigid.     They  are  elastic. 

Sboond  Penis. — Just  as  in  the  first  penis,  there  is  also  in  the  second 
penis  a  muscle  connecting  the  terminal  part  with  the  basal  joint.  In 
this  case  the  muscle,  77m.,  arises  on  the  tooth-like  basal  bone,  figs.  61  and 
66,  and  is  inserted  a  little  way  up  the  rod.  Another  muscle  (77m.',  ih,)  is 
inserted  into  the  same  basal  bone :  it  arises  from  the  side  of  the  fixed 
arm  of  the  second  penis.  A  third  muscle  arises  from  the  downward-bent 
end  of  the  arm  and  is  inserted  into  a  bony  button-like  prominence  on  the 
ventral  skin  of  the  third  joint  (m.'",  fig.  46).  A  long  muscle  arising  from 
the  front  of  the  chevron  is  inserted  into  the  third  joint  {m,\  ih,)  ;  and  a 
broad  muscle,  in.'\  that  rises  from  the  base  of  the  fixed  arm  is  inserted  on 
the  anterior  border  ot  the  inner  cneviou. 

The  Action  of  the  Penis. 

If  the  genital  papilla  of  a  hard  male  crab  is  pressed  spermatophores 
may  be  extruded.  When  the  abdomen  of  a  male  crab  is  examined  the 
genital  papilla  is  sometimes  found  inserted  into  the  tube  of  the  first  penis, 
but  oftener  it  is  lying  on  the  posterior  surface  of  the  base  of  that  organ. 
But  if  the  first  penis  is  drawn  backwards  into  the  position  it  occupies 
when  in  the  vagina  of  the  female  the  papilla  usually  slips  into  the  tube, 
and   if  the  fifth  pereiopod  is  brought  forward  in  such  a  way  that  the 
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genital  papilla  is  pressed  up  against  the  edge  of  the  sternum  the  intro- 
duction is  aided.  The  coxopodite  of  the  fifth  pereiopod  abuts  into  the 
narrow  neck  of  the  abdomen  at  the  first  and  second  segments,  and  the 
genital  papilla  lies  just  beneath  the  first  penis. 

Occasionally  a  male  has  been  found  in  which  the  second  penis  was 
inside  the  first,  but  usually  they  are  separate.  When  the  united  penes  are 
inserted  into  the  vaginie,  the  abdomen  is  fixed  at  both  ends.  The  telson 
lies  on  the  thorax  of  the  female,  and  the  beginning  of  the  abdomen  is 
fixed  at  its  proximal  end  by  its  connection  to  the  thorax.  The  first  penis 
is  then  held  firmly,  but  is  capable  of  retraction  and  re-insertion.  The  second 
penis  is,  however,  free  to  work  up  and  down  in  the  first  penis  quite 
independently  of  it.  See  figs.  44  and  45.  In  fig.  44,  which  is  intended 
to  represent  the  position  occupied  by  the  abdomen  of  the  male  during 
coition,  A  and  B  are  the  fixed  points,  B  being  the  thorax  of  the  female, 
A  the  carapace  of  the  male  crab.  The  abdomen  of  the  female  is  outside 
and  closely  applied  to  the  abdomen  of  the  male.  The  drawing  shows  the 
condition  in  which  the  second  penis  is  completely  entered  into  the  first, 
and  its  tip  appears  projecting  outside  the  tip  of  the  first.  In  this  position 
it  is  to  be  noted  that  joints  2  and  3  are  extended,  i.e,  the  joint  between 
them  is  depressed.  In  the  drawings  they  are  shown  upside  down. 
Now  by  the  flexing  of  joints  2  and  3  the  second  penis  is  withdrawn 
partly  from  the  first,  while  the  first  remains  stationary  (fig.  45).  By 
each  movement  the  second  penis  presses  on  the  genital  papilla,  and 
therefore  probably  causes  the  issue  of  spermatophores  into  the  tube. 
The  efficacy  of  the  pumping  arrangement  was  demonstrated  experi- 
mentally. A  small  quantity  of  a  thin  carmine  paste  was  introduced 
into  the  bottom  of  the  tube,  and  by  alternately  pushing  in  and 
withdrawing  the  second  penis  the  carmine  was  pumped  out  at  the  top. 
By  the  flexion  and  extension  of  the  portion  of  the  abdomen,  then,  the 
sperms  (spermatophores)  would  be  gradually  transferred  to  the  spermatheca, 
into  which  the  first  penis  penetrates. 

T?ie  Condition  of  the  Spermatheca, 

If  the  soft  female  crab  after  it  has  been  impregnated  is  examined,  it 
will  be  found  that  the  mouth  of  the  spermatheca  and  the  vagina  is  filled 
up  by  a  large  plug  of  white  material  (pZ.,  fig.  49).  This  plug  may  be  usually 
split  into  two  halves,  as  was  shown  in  a  previous  paper.*  The  sperma- 
theca is  globular  in  shape  and  is  filled  with  an  amber-coloured  fluid,  and 
a  more  or  less  extensive  white  patch  of  sperms,  situated  in  the  proxi- 
mal and  external  part  of  the  organ.  The  top  of  the  plug  which  extends 
just  within  the  spermatheca  is  soft  and  pulpy,  being  in  contact  with  the 
fluid,  whereas  in  the  vagina  the  plug  is  hard  and  fibrous  in  appearance. 
It  has  been  noticed  that  the  top  of  the  plug  has  been  grooved  or  scored 
as  if  a  thin  body  had  been  repeatedly  impressed  in  it. 

In  a  hard^  female  crab  which  has  been  impregnated  the  spermatheca  is 
of  much  smaller  size  than  in  the  soft  crab  (fig.  67).  It  is  then 
flattened,  shrunk,  disc-shaped,  and  contains  a  quantity  of  sperms  {sp,)  and 
some  amber-coloured  bard  material  («/.),  which  is  the  solidified  remains  of 
the  fluid  which  filled  the  spermatheca  at  the  time  of  fertilisation.  The 
inner  wall  of  the  spermatheca  {sp.w.)  and  the  vagina  {v.w,)  are  con- 
tinous,  but  that  of  the  spermatheca  is  much  the  thinner  (fig.  38). 

In  my  previous  paper  on  Cancer  pagurus  I  stated  that  the  inner  lining 
of  the  spermatheca  and  the  contents  of  the  latter  were  thrown  ofif  with 
the  cast  integument  during  the  moult,  an  opinion  held  also  by  Oano. 

*  "  Contributions  to  the  Life  History  of  the  Edible  Crab  {Cancer  pagvrus),"     EigkUaUk 
Ann,  jR^port  qf  Fishery  Board  for  ScoUand,  Pt.  III.,  1900. 
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This  I  find  is  not  the  case,  with  adult  crabs  at  least.  Each  crab 
which  I  have  examined  after  it  had  cast,  and  before  it  had  been  in 
contact  with  the  male,  was  found  to  have  a  spermatheca  resembling 
in  general  that  of  a  hard  crab,  i.e.,  it  contained  a  quantity  of  sperms 
and  some  amber-coloured  solid.  If  a  soft  crab  which  has  been  with 
the  male,  and  is  plugged,  be  dissected,  no  amber  solid  will  be  found 
in  the  spermatheca,  and  there  is  usually  a  large  quantity  of  sperms 
with  a  large  quantity  of  amber  fluid.  When  does  the  crab  get  rid  of 
the  old  sperms  and  amber  solid  1  The  inner  lining  of  the  spermatheca, 
although  it  does  not  come  away  during  moulting,  is  nevertheless 
very  loosely  attached,  and  I  have  drawn  out  the  inner  lining  and  the 
contents  of  the  spermatheca,  along  with  the  lining  of  the  vagina,  through 
the  vulva,  in  a  dead  hard  crab.  On  casting  only  a  very  little  of  the  inner 
lining  of  the  spermatheca  is  shed  ;  that  is,  the  part  round  the  mouth. 

Just  inside  the  spermatheca  the  lining  thins  out  quickly.  The  mouth 
of  the  spermatheca  is  surrounded  by  a  sphincter  muscle,  mu.y  fig.  38. 

The  break  between  the  lining  of  the  vagina  and  that  of  the  sperma- 
theca takes  place  near  the  point  where  the  thick  layer  of  the  vagina 
thins  down  to  that  of  the  spermatheca  (fig.  38).  In  the  newly  cast  crab, 
moreover,  there  was  no  fluid  in  the  spermatheca.  The  spermatheca  of 
the  crab  has  a  glandular  secreting  surface.  It  is  probably  the  case  that 
the  secretion  of  the  fluid  causes  the  loosening  of  the  inner  layer,  and  on 
the  introduction  of  the  penis  the  amber  solid  and  the  old  Fperms  may  be 
expelled  with  the  outflow  of  fluid.  The  secretion  of  fluid  in  the  sperma- 
theca is  possibly  stimulated  by  the  presence  of  the  male.  The  vulvae  are 
always  tightly  closed  except  when  they  are  kept  open  by  the  plugs.  On 
the  introduction  of  the  penis  the  fluid  will  flow  out  round  it  in  the  vagina 
and  will  prevent  the  entrance  of  sea-water  into  the  spermatheca.  Vide 
diagram,  fig.  55.  This  fluid  coagulates  with  sea- water,  forming  a  whitish 
precipitate.  The  plug  in  the  vagina  is  of  a  hard  fibrous  structure  and 
of  white  colour.  During  the  time  the  male  and  female  are  in  conjunction, 
a  period  of  probably  several  days,  the  piston-action  of  the  second  penis 
would  transfer  the  sperms  to  the  spermatheca.  The  crab,  then,  on  casting 
does  not  get  rid  of  the  remains  of  the  old  stock  of  sperms  until  it  has 
the  opportunity  of  being  impregnated  afresh. 

Some  experiments  were  made  with  certain  crabs  which  cast  during 
1902,  August  3l8t  to  October  15th,  and  the  results  are  of  interest.  A 
female,  measuring  5|  inches  across,  was  put  with  the  male  crab  as  soon 
as  it  was  seen  to  have  cast,  and  four  days  later  pieces  of  plug  were  seen 
projecting  from  the  vulvae.  Another  measuring  5  inches  was  separate 
from  the  male  two  days  after,  and  at  that  time  a  plug  projected  from  the 
Tulva.  A  female  crab,  measuring  6f  inches  across,  was  kept  for  four 
days  after  casting.  It  was  not  in  contact  with  a  male  crab.  It  was  then 
killed :  no  fluid  was  found  in  the  spermatheca.  Si^  days  after  casting 
the  soft  crab  which  measured  6^  inches  across,  and  which  had  not  been 
in  contact  with  a  male  crab,  was  dissected.  The  spermatheca  contained 
sperms  and  a  row  of  hard  amber-colonred  solid.  A  small  soft  crab,  viz. 
i^  inches  across,  was  put  with  a  male  crab.  Twenty-four  hours  after, 
no  plugs  were  seen,  but  they  were  visible  two  days  after  the  introduction 
of  tiie  female. 

It  is  to  be  noted  that  while  in  the  male  crab  the  sperms  are  contained 
in  spermatophores,  in  the  spermatheca  the  sperms  are  loose  ;  in  very  few 
cases  was  a  spermatophore  seen.  According  to  Duvernoy,  sea-water 
causes  the  spermatophores  to  burst. 

The  extrusion  of  the  spermatophores  from  the  vas  deferens  is  no  doubt 
aided  or  effected  by  the  following  circumstances.  The  vas  deferens  of 
the  hard  male  crab  is  usually  in  a  swollen  condition,  and  therefore  the 
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opening  of  the  valve  in  the  genital  papilla  would  immediately  be  followed 
by  a  free  issue  of  spermatophores.  The  opening  of  the  valve  may  be 
due  to  the  pressure  of  the  second  penis  as  it  moves  in  the  first,  aided 
possibly  by  the  forward  movement  of  the  fifth  pereiopod,  which  will  result 
in  increasing  the  turgidity  of  the  papilla. 

A  portion  of  white  plug  material  has  been  found  on  the  penis  in  more 
than  one  crab.     One  case  calls  for  special  mention. 

A  large  male  crab,  6  inches  across,  hard,  was  examined  at  the  beginning 
of  June.  The  second  penis  was  inside  the  first,  the  genital  papilla  was 
inserted  into  the  beginning  of  the  tube.  Projecting  from  the  aperture 
in  the  tip  of  the  first  penis  there  was  a  narrow  rod-like  white  body.  At 
the  inner  side  of  the  base  of  the  first  penis  there  was  a  small  white  mass. 
On  examining  the  rod  with  the  microscope  it  was  found  to  be  a  tube 
crammed  with  spermatophores ;  on  its  outer  surface  there  were  sperms  and 
spermatophores.  The  tube  was  formed  of  parallel  fibres.  It  was  found 
in  one  penis  only.  No  spermatophores  were  found  in  the  lower  white 
mass,  which  had  the  same  fibrous  appearance  that  the  plug  has.  In  no 
case  were  spermatophores  found  in  the  spermatheca  packed  in  a  tube. 
The  tube,  if  it  is  the  normal  condition,  may  act  simply  as  a  sheath  inside 
of  which  the  spermatophores  travel  It  is  formed  simply  by  the  intro- 
duction by  the  base  of  the  penis  of  some  of  the  fluid  of  the  spermatheca 
which  had  flowed  out  from  the  vagina.  By  working  the  second  penis 
in  piston-fashion  the  tube  was  gradually  pushed  out  of  the  first  penis.  It 
had  apparently  been  connected  to  the  white  mass  at  the  base. 

Thb  Impregnation  of  Carcinus  mjbnas. 

The  structure  of  the  intromittent  organs  and  of  the  spermatheca  differs 
considerably  from  those  of  Cancer  2^agui'us.  It  is  not,  however,  proposed 
to  deal  with  these  differences,  but  to  describe  the  act  of  fertilisation  so 
far  as  it  was  possible  to  follow  it  with  the  naked  eye.  It  is  not  likely  to 
be  strictly  homologous  to  that  in  Cancer, 

Carcinus  inamas  is  not  apparently  incommoded  to  any  considerable  ex- 
tent by  captivity,  and  it  is  possible  to  observe  the  act  of  impregnation.  In 
the  following  case  the  male  was  put  into  a  glass  jar,  and  a  female  which  had 
cast  the  previous  night  was  then  introduced  beside  it  (September  16th). 
The  male  immediately  turned  the  female,  with  the  assistance  of  the  latter, 
upside  down.  The  female  raised  (or  extended)  its  abdomen  and  brought 
it  outside  the  abdomen  of  the  male.  The  male  then  extended  its  abdo- 
men, and  rested  its  telson  (bent  at  right  angles  to  the  abdomen)  on  the 
thorax  of  the  female  between  the  vulvae,  immediately  thereafter  inserting 
its  penes  into  the  two  apertures.  These  operations  took  place  in  a  few 
moments.  The  male  then  pushed  the  penes  into  the  vaginas  and  drew 
them  out  slightly,  about  once  every  two  seconds,  but  while  under  obser- 
vation intermittently.  The  male  carries  the  female  about  with  it,  and 
the  female  is  attached  to  the  male  simply  by  the  hooked  penes.  The 
legs  of  neither  crab  are  used  for  attachment.  The  penis  appears  to  be 
inserted  only  a  short  distance. 

On  September  18th  the  two  crabs  were  still  in  coitu,  but  on  the  20th 
they  were  separate. 

The  female  was  now  fairly  hard.     It  was  killed  on  the  20th. 

There  were  no  externally  projecting  plugs.  The  spermatheca  was  filled 
with  a  large  irregular  plug  which  projected  a  little  way  into  the  vagina. 
In  the  vagina  from  the  end  of  the  plug  just  mentioned  to  the  vulva  there 
was  another  short  plug  with  a  rounded  upper  extremity;  along  its 
length  it  showed  a  slight  groove.  Hound  the  external  end  of  the 
spermatheca  and  along  the  vagina  there  is  a  layer  of  gelatinous-like  tissue, 
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probably  glandular.  Some  spermatophores  were  found  on  the  plug  inside 
the  spermatheca.  In  the  vagina  of  the  other  side  the  short  plug  was 
absent. 

A  female  which  cast  between  the  22nd  and  23rd  October,  and  which 
had  not  been  in  contact  with  a  male,  was  dissected  on  the  latter  date.  It 
was  already  fairly  hard,  the  integument  resembling  in  feel  stiffish  brown 
paper.  The  spermatheca  was  large,  with  thick  walls;  it  had  a  little 
white  mass  at  its  mouth.  There  was  a  certain  amount  of  fluid  in  both 
spermathecse,  but  the  latter  were  nut  globular. 

The  Spawning  of  Cancer  paqurus. 
T?ie  Mode  of  Attachment  of  the  Eggs  to  the  Smmmerets, 

The  external  eggs  of  the  edible  crab  are,  like  those  of  other  decapod 
Crustacea,  carried,  during  incubation,  on  the  hairs  of  the  inner 
branches  of  the  swimmerets  of  the  female.  They  are  arranged  on  the 
hairs  from  their  bases  to  the  tips  as  thickly  as  they  can  lie.  When  the 
hair  of  a  berried  crab  is  examined,  a  condition  similar  to  that  shown  in 
fig.  21  is  seen.  The  eggs  are  attached  by  independent  stalks  to  the  hair, 
and  they  are  moreover  so  closely  set  together  that  their  stalks  intertwine. 
As,  however,  the  egg  is  not  always  attached  to  one  hair  alone,  but  some- 
times to  two,  we  have  the  hairs  grouped  in  bunches  which  correspond  to 
their  whorl  arrangement  on  the  endopodite,  e.g.^  cf  fig.  26.  The  inter- 
twining of  the  stalks  of  eggs  also  tends  to  bind  the  hairs  together. 

How  do  the  eggs  become  attached  so  closely  and  regularly  and  in  a 
manner  so  economical  of  the  space  at  their  disposal  1 

Several  agencies  have  been  invoked  to  explain  this.  Cano*  and 
Herrickf  have  each  given  an  historical  resum6  of  the  theories  held  with 
regard  to  the  mode  in  which  the  attachment  of  the  eggs  to  the  pleopods 
was  brought  about.  It  is  not  necessary  to  recapitulate  it  nor  Cano's  full 
discussion  of  the  egg-membranes  of  the  decapods.  According  to  Lere- 
boulletj:  certain  zoologists  had  explained  the  attachment  of  the  ova  to 
an  extension  of  the  primary  egg-membrane. 

There  has,  however,  been  general  agreement  that  the  fixation  of  the 
egg  is  due  to  a  cement  with  which  it  is  coated ;  that  the  egg  becomes  in 
one  way  or  another  covered  with  a  cement  which  on  exposure  to  sea- 
water  hardens,  after  having  glued  the  egg  to  the  hair  of  a  pleopod. 
The  cement  was  supposed  to  be  derived  from  the  ovary  or  oviduct  by 
Milne  Edwards  and  Kathke ;  from  the  spermatheca  by  Cavolini  and 
Cano,§  and  in  the  case  of  Aatacua  from  the  integimiental  glands  found 
on  the  pleopods  and  ventrum  of  the  abdomen  by  Lereboullet  and  Braun. 

While  in  the  case  of  macrurous  decapods  this  explanation  might 
not  be  dismissed  on  a  priori  grounds,  it  is  impossible  to  accept  it  as 
applicable  to  the  Brachyura.  It  matters  not  how  the  cement  is  produced, 
the  question  reduces  itself  to  this  position — Given  an  egg  coated  with  a 
cement  strong  enough  to  form  the  stalk  of  the  egg,  which  resists  rupture 
for  a  period  of  eight  or  nine  months,  a  period  during  which  time  the 
swimmerets  are  being  continually  agitated  in  order  to  aerate  the  eggs,  is 
it  at  all  likely  that  it  would  always  attach  itself  to  a  hair,  and  never  to 
another  egg  similarly  coated  1     If  we  examine  the  eggs  of  a  Cancer 

*CanOj  *'Morfologia  doll'  apparecchio  sossuale  femminile,  glandole  del  cemento,  e 
fecondaaone  nei  Crostacoi  Decapodi."  MitiheU,  ZooL  Stat,  ztt  Neapd.  ix.  Bd.,  4 
Heft.,  1890. 

t  **The  American  Lobster."    Bull.  U.S,  Fish  Commission  for  1895,  p.  127. 

JHerrick,  "The  American  Lobster."    Bull.  U.S,  Fish  Commission  for  1896. 

§  Cauo,  op,  cit. 
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pagurus^  Carcinus  mctnaSf  Portunus  sp.,  Ilyae  sp.,  etc.,  we  will  find  the 
^gs  attached  by  their  long  stalks  to  the  hairs  of  the  endopodites.  They 
are  closely  set  together,  but  in  no  case  do  we  find  two  eggs  stuck  together. 
If  the  eggs  had  been  coated  with  cement,  they  could  not  have  avoided 
sticking  together,  and  also  to  the  exopodites.  What  special  affinity  can 
there  be  between  the  cement  and  the  hair  which  does  not  exist  between 
the  cement  of  two  eggs  ?  If  the  cement  on  being  acted  upon  by  sea- 
water  hardened,  what  is  to  prevent  the  two  eggs  from  sticking  together? 
When  the  eggs  are  extruded  they  lie  in  the  incubatory  chamber  formed 
by  the  curved  abdomen  in  a  semi-fluid  mass,  and  they  are  there  retained 
by  the  overlapping  exopodites.  The  latter  prevent  the  eggs  flowing  out 
over  the  edge  of  the  abdomen.  Now  if  each  egg  were  coated  with  a  layer 
of  cement,  we  should  have  the  eggs  concreted  into  a  solid  mass,  and 
while  the  endopodites  would  be  imbedded  in  it,  the  exopodites  would 
be  probably  glued  to  the  outside.  The  eggs  never  attach  themselves  to 
the  exopodites  with  which  they  are  in  close  contact. 

No  cement  is  supplied  by  the  spermatheca.  When  the  eggs  are 
extruded  the  spermatheca  is  dry  except  for  the  pasty  white  mass  of 
sperms;  the  solid  remains  of  the  spermatheca  fluid  are  present.  This 
solid  is  the  consolidated  residue  of  the  fluid  which  was  secreted  by  the 
spermatheca  just  after  the  crab  cast  and  when  it  was  impregnated. 
Gano  evidently  supposed  that  the  cement  was  secreted  by  the  sperma- 
theca. 

The  egg  does  not  derive  a  coating  of  cement  from  the  ovary.  The 
ripe  eggs,  if  taken  out  of  the  ovary,  sometimes  have  a  slight  coating  of  an 
albuminous  substance ;  it  is  derived  from  the  yolk  of  ruptured  eggs, 
which  is  somewhat  sticky,  for  by  it  an  egg  may  become  attached  to  the 
bottom  of  the  vessel  in  which  it  is ;  but  the  union  is  of  the  slightest,  and 
a  touch  from  a  camel-hair  brush  is  enough  to  dislodge  the  egg.  That  the 
attachment  does  not  result  from  an  external  coating  of  cement  is  there- 
fore apparent. 

An  opportunity  which  I  had  of  observing  the  spawning  of  Cancer 
poffurus  has  enabled  me  to  describe  the  manner  in  which  the  attachment 
of  the  eggs  is  effected.  The  fact  that  the  eggs  are  attached  to  the  hairs 
of  the  endopodite,  which  are  smooth,  and  not  to  the  hairs  of  the 
exopodite,  which  are  plumose,  necessitates  a  condition  in  which  an  attrac- 
tion or  affinity  exists  between  the  egg  and  the  endopodite  hair  which  does 
not  exist  between  it  and  the  exopodite  hair. 

The  conditions  which  are  necessary  to  the  regular  attachment  of  the 
eggs  to  the  hairs  of  the  endopodite,  and  to  them  alone,  are  the  following — 
(1)  the  eggs  themselves  must  not  be  coated  with  a  fluid  which  is  of  itself 
sufficient  to  cause  it  to  adhere  to  anything  when  it  is  extruded,  or  other- 
wise we  should  have  the  eggs  adhering  to  one  another ;  (2)  the  hairs  must 
not  likewise  be  coated  with  an  adhesive  cement,  or  they  also  would  be 
glued  together ;  (3)  after  extrusion  a  condition  must  arise  which  will  lead 
to  the  attachment  of  the  eggs  to  the  hairs  of  the  pleopods,  and  the 
relation  is  one  which  acts  between  each  egg  and  some  particular  hair. 

The  intimate  relationship  between  the  egg  and  the  hair  is  due  to  the 
hair  acting  as  a  skewer  upon  which  the  eggs  are  impaled  and  strung. 

On  extrusion  the  ripe  egg  has  two  investing  membranes,  the  outer  or 
chorion  and  the  very  delicate  vitelline  membrane,  the  '*  dotterhaut " 
of  Rathke.  The  hair  perforates  the  chorion  and  enters  the  "  perivitel- 
line  chamber,"  and  passers  out  again  without  piercing  the  vitelline 
membrane  which  is  so  closely  applied  to  the  yolk- sphere,  and  is  more- 
over so  delicate  that  it  is  not  readily  recognised.  The  process  is 
more  easily  followed  when  the  structure  of  the  abdominal  appendages  is 
examined. 
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The  endopodite  and  exopodite  of  the  pleopod  are  very  difTerent  from 
one  another,  and  their  different  functions  are  very  evident  from  a  minute 
examination  of  their  forms.  They  will  therefore  be  described  below  in 
detail. 

In  addition  to  the  discussion  of  this  question  in  the  case  of  Cancer 
pagurus,  observations  on  the  spawning  of  Carcinus  nuvnas^  and  on  the 
manner  of  egg-attachment  in  Homarus^  Nephrops^  Munida,  and  other 
forms,  will  be  added. 

The  Smmmerets. 

There  are  four  pairs  of  swimmerets,  attached  to  the  second,  third, 
fourth,  and  fifth  abdominal  joints  respectively,  fig.  15.  Each  consists  of 
an  outer,  the  exopodite  (ex.),  and  an  inner  branch,  the  endopodite  {en,). 

The  description  of  the  swimmeret  of  Carcinus  mamas  by  M'Intosh* 
applies  very  well  to  Cancer  pagurus : — ^^  First  pair  of  Abdominal  Feet, — The 
internal  limb  [endopodite]  is  clothed  for  the  most  part  with  long,  delicate, 
silky  hairs,  which  are  simple  throughout,  with  the  exception  of  some 
branched  hairs  at  the  base,  best  seen  on  the  anterior  surface  of  the  fore- 
most limb.  The  former  are  pale  and  translucent,  and  come  ofif  in  distinct 
bundles  all  the  way  up  from  their  commencement.  The  tufts  above  the 
middle  joint  arise  from  the  upper  part  of  each  of  the  pseudo-joints  that 
compose  the  flabellar  extremity,  being  situated,  likewise,  only  on  the 
posterior  surface  and  sides  of  the  limb,  the  anterior  surface  being  free. 
The  hairs  themselves  are  very  beautiful,  presenting  externally  a  brownish 
or  yellow  outline,  within  this  a  pale  streak,  and  then  a  more  or  less 
granular  central  portion  .  .  .  The  external  limb  is  covered  with 
branched  hairs  from  base  to  apex  along  both  outer  and  inner  edges,  the 
hairs  on  the  outer  row  being  rather  longer  than  those  on  the  inner.  A 
few  short,  smooth  bristles  are  distributed  over  the  general  surface  of  the 
limb/'  "  The  ova,  when  present,  are  attached  solely  to  the  inner  limb  of 
each  abdominal  appendage." 

T?ie  Endopodite. 

The  endopodite  {Cancer  2^agw'vs)  is  long,  cylindrical,  tapering  to  a  blunt 
point ;  it  is  bent  slightly  in  bow-shape,  the  concavity  being  towards  the 
anterior  side.  Over  its  whole  length  it  bears  tranverse  rows  of  long, 
stiff,  slender  hairs.  These  rows  are  not  set  at  right  angles  to  the  long 
axis  of  the  endopodite,  but  run  obliquely  downwards  from  the  inner 
(next  the  median  line  of  the  abdomen)  to  the  outer  edge,  en.,  fig.  20a. 
They  are  moreover  confined  to  the  posterior  surface,  their  ends  appearing 
at  the  edges  only  of  the  anterior  surface.  On  the  outer  edge  they  come  a 
little  further  on  to  the  anterior  surface  than  on  the  inner  side,  en,  fig. 
205,  and  fig.  63,  which  gives  a  plan  of  one  of  the  rows.  The  tips  of  the 
two  endopodites  of  opposite  sides  meet  in  the  middle  line,  and  the  hairs 
on  their  inner  surfaces  are  together  bent  forwards,  fig.  13.  The  hairs 
are  thus  pointed  in  every  direction.  The  arrangement  of  the  hairs  on 
the  posterior  surface  of  the  tip  is  shown  in  ^g,  62. 

Tlie  hairs  from  their  extreme  thinness  are  very  flexible.  They  are 
perfectly  smooth,  except  near  the  tip.  The  latter  ends  in  a  sharp  process, 
and  close  to  the  exti*emity  of  the  hair  there  are  a  number  of  delicate 
cilia  (fig.  23a).  The  tips  of  the  hairs  do  not  all  conform  to  this  type. 
Considerable  diversity  of  structure  was  found  in  different  hairs,  vid,  figs. 
22,  23,  31,  33;  they  usually,  however,  end  in  a  more  or  less  acute 
point,  and  the  cilia  are  generally  to   be   made  out      It  is  probable 

•  Mcintosh,  "On  the  Hairs  of  Carcinu*  nueneu,"    Trans,  Linn,  Socy.,  vol.  xxiv.,  p.  97. 
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that  the  variations  aro  dne  to  the  delicate  terminal  spine  being  broken  of!, 
and  the  different  conditions  noted  and  drawn  in  the  figures  may  be  stages 
in  the  regeneration  of  the  extremities  of  the  hairs.  This  repair  woold 
appear  to  be  continuous. 

The  hair  is  tubular,  and  in  the  central  cavity  or  core  there  is  a  large 
quantity  of  minute  o\'al  corpuscles. 

The  shell  of  the  hair  consists  of  two  main  thick  layers,  viz.,  an  outer, 
o.Lj  and  an  inner,  t.Z.,  figs.  30  and  32.  They  are  laminated  in  structure  ; 
the  outer  layer  shows  a  division  into  one,  sometimes  two,  thin  cuticular 
layers ;  and  the  inner  layer  usually  shows  a  separation  into  one  thin  layer 
on  the  out^r  side,  and  sometimes  also  a  thin  layer  next  the  core.  The 
internal  surface  of  the  inner  layer  is  uneven,  corrugated  in  appearance. 
The  inner  layer  varies  in  thickness  in  different  parts  of  the  hair :  at  the 
base  it  is  especially  thick,  fig.  30.  It  is  practically  a  replica  of  the  outer 
layer.  The  two  layers  are  to  some  extent  independent,  or  at  least 
separate  easily  from  one  another.  This  is  seen  when  a  hair  is  broken. 
It  often  happens  that  when  the  outer  layer  is  snapped,  the  inner  layer 
remains  intact^  and  the  two  parts  of  the  outer  layer  become  separated 
by  an  interval,  vid,  fig.  6.  It  does  not  appear  that  the  separation  of  the 
broken  halves  of  the  outer  skin  is  due  wholly  to  a  sliding  over  the  inner, 
but  rather  also  to  the  fact  that  the  inner  layer  expands  on  the  release 
afforded  by  the  rupture  of  the  former. 

The  anterior  surface  of  the  endopodite  has  scattered  over  it  shorty  stiff 
hairs,  ^g.  50. 

The  endopodite  is  jointed  at  about  a  fourth  of  its  length  from  the  base, 
and  at  this  point  there  are  muscles  for  moving  the  distal  portion.  The 
latter  bears  the  greater  mass  of  the  hairs. 

The  Exopodite. 

The  exopodite  resembles  somewhat  the  endopodite  in  form.  It  is, 
however,  more  flattened  in  its  proximal  part  than  the  latter.  With  the 
exception  of  the  fourth,  the  exopodites  are  more  or  less  twisted  on  their 
axes  in  such  a  way  that  the  edges  bearing  the  hairs  are  brought  into 
an  obliquely  antero-posterior  position,  vid.  fig.  13. 

The  exopodite  is  furnished  on  either  side  from  base  to  tip  with  a  very 
thickly  set  row  of  plumose  hairs.  These  are  of  various  length,  vid,  figs. 
11,  12,  35,  and  36.  In  the  case  of  the  shortest  hairs,  the  ciliation 
commences  close  to  the  base,  while  in  the  others  it  begins  further  along 
the  stem  in  proportion  to  the  length.  In  the  case  of  the  longest  hairs 
almost  the  whole  of  the  proximal  half  is  bare  of  cilia,  fig.  36. 
Through  the  closely  set  arrangement  of  the  hairs  of  different  lengths,  the 
short  hairs  supply  the  ciliation  which  is  absent  from  the  stems  of  the  long 
hairs.  In  this  way  there  results  the  formation  of  a  thickly-set  hedge, 
with  no  unnecessary  overlapping  of  structures.  The  cUiation  is  at  first 
sparse,  but  quickly  increases  in  amount 

The  cilia  are  all  long,  siiff^  terminating  in  fine  points ;  they  are  more- 
over serrated.  On  the  shortest  hairs  they  are  long  and  slender,  fig.  8 ;  on 
the  longer  hairs  flattened,  lanceolete  in  shape,  fig.  7.  They  are  arranged 
all  round  the  stem  of  the  hair,  recalling  generally  the  structure  of  a  test- 
tube  brush.  At  the  extremity  of  the  hair,  in  consequence  of  the 
shortening  of  the  nodes,  the  cilia  are  packed  closely  together  round  the 
&lcate  tip. 

The  stem  of  the  hair  is  tubular.  The  core  is  narrow,  the  wall  thick 
and  composed  of  several  layers,  fig.  9.  Fig.  17  shows  an  ocular  section 
at  the  base  of  the  hair.  The  tube  of  the  hair  is  continuous  with  a  canal 
in  the  exopodite. 
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The  plumose  hairs  are  not  confined  to  the  two  edges  of  the  exopo- 
dite,  but  are  also  found  on  the  outer  surface,  vid.  fig.  42.  They  do  not, 
however,  run  round  the  stem  in  rows  as  do  the  hairs  of  the  endopodite ; 
they  are  simply  scattered  over  the  outer  surface. 

The  inner  surface  of  the  ozopodite,  fig.  51,  is  provided  with  scattered 
short  hairs,  which  are  serrated. 

Tlie  Ripe  Egg, 

The  eggs  of  Ccmcer  pagurus  are  ripe  during  October,  November, 
December,  and  January,*  and  spawning  may  take  place  in  each  of  these 
months.  The  eggs  are  extruded  in  a  short  space  of  time,  probably  within 
a  period  of  twenty-four  hours. 

In  my  former  paper,  '^  Contributions  to  the  Life-History  of  the  Edible 
Crab  {Cancer pagurus)  "  I  described  the  ripe  ovary  as  follows : — **  The  ripe 
ovary  is  of  a  turkey-red  colour.  .  .  .  All  the  eggs  are  not  of  one  size. 
The  diameter  of  the  yolk-mass  may  vary  from  '3 — *41  mm. ;  in  some  eggs 
the  yolk-sphere  is  as  small  as  '24  mm.  The  diameter  of  the  Zo7ia 
radicUa  varies  greatly  from  the  fact  that  the  egg  in  the  ovary  has  a  large 
periviteiline  space.  .  .  .  The  diameter  of  the  capsule  may  vary  from 
'4 — '7  mm. ;  the  eggs  attached  to  the  swimmerets  measure  45  and  '5 
mm.  in  diameter.''  I  have,  however,  come  to  the  conclusion  that  the 
condition  just  described,  where  the  ovarian  egg  shows  a  large  peri- 
viteiline space,  is  a  pathological  one.  I  have  since  then  only  found  it  in 
crabs  that  died  during  the  spawning  season ;  the  dropsical  condition  of 
the  ovary  having  possibly  been  the  cause. 

The  ripe  ovary,  however,  sometimes  exhibits  a  condition  which 
suggests  the  presence  in  it  of  eggs  with  large  periviteiline  space.  In  a 
crab  measuring  7^  inches  across  (17  November,  1903)  the  ovary  was  full 
and  of  a  crimson-red  colour.  When  its  outer  surface  was  examined  with 
a  lens,  a  clear  area  was  seen  surrounding  the  egg.  This  clear  area  is  a  sort 
of  fluid  space  in  the  follicle,  and  is  not  a  periviteiline  space;  it  is 
outside  the  egg. 

The  ripe  egg  has  two  envelopes — the  inner,  the  vitelline  membrane 
{v.m.),  is  clearly  applied  to  the  yolk-sphere  ;  the  outer,  the  chorion  (chr,), 
is  separated  from  the  former  by  a  very  narrow  space  when  the  egg  is 
in  ovario.  Fig  5  shows  a  section  of  the  ripe  ovarian  egg.  It  is  contained 
in  the  follicle  (/.).  The  yolk-sphere  is  composed  of  large  corpuscles. 
Mayer  t  was  of  the  opinion  that  fertilisation  took  place  in  the  ovary 
before  the  egg  was  invested  with  the  chorion. 

Rathke  t  described,  on  the  egg  of  AstactM,  three  egg-membranes,  viz. 
"  die  Dotterhaut "  [the  vitelline  membrane],  "  die  Lederhaut,"  and  "  die 
aussere  Eihaut''  [the  chorion].  In  the  egg,  previous  to  the  commence- 
ment of  the  development  of  the  embryo,  there  is  a  space  between  the 
**  Dotterhaut "  and  the  '*  Lederhaut,"  which  contains  a  transpareut  fluid ; 
the  quantity  of  this  fluid  diminishes  as  the  development  proceeds.  In 
this  way  the  "  Dotterhaut "  and  the  ''Lederhaut"  come  to  lie  closely 
together.  The  ''aussere  Eihaut"  is  that  by  which  the  egg  is  attached  to 
the  swimmeret.  This  description  does  not  apply  to  Cancer  pagurus^ 
where  there  are  only  tti>o  egg-membranes. 

A  section  of  a  dropsical  ovarian  egg  is  seen  in  fig.  34.  These  eggs 
can  be  made  out  with  the  naked  eye  scattered  over  the  surface  of  a  lobule 
of  the  ovary  when  few  in  number ;    when  the  majority  of  the  eggs  are 

*  Heath's  observations  lead  to  a  Rimilar  Rpawning-period  for  Ckincer  magUter  on  the 
coast  of  California.     American  NaiuralUty  1902. 

fP.  Mayer,  Jeim,  Zeit,  Naf  nririssmy  11  Bd.,  1877. 
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thus  distended  the  ovary  is  swollen  and  contains  a  considerable  quantity 
of  an  amber-coloured  albuminous  fluid.  In  the  dropsical  ovarian  egg  the 
perivitelline  space  is  filled  with  an  amber-coloured  fluid,  which  is  some- 
what granular  in  appearance.  Some  of  the  eggs  had  been  preserved  in  a 
one  per  cent,  solution  of  formaldehyde  in  sea- water,  and  the  perivitelline 
fluid  was  found  to  have  solidified  into  a  whitish  substance  resembling 
coagulated  albumen.  This  substance  cut  easily,  being  of  a  cheese-like 
consistency,  and  it  formed  round  the  yolk-sphere  a  thick  rind  which 
could  be  removed  in  two  hollow  hemispheres.  The  dropsical  eggs  when 
fresh  are  rather  dull  in  colour,  in  contrast  to  the  bright  normal  egg. 

The  ovarian  eggs,  and  also  those  which  are  lying  on  the  abdomen  of 
the  crab  before  they  become  attached  to  the  swimmerets,  show  under  the 
microscope  no  trace  of  cement  on  the  outside ;  the  chorion  shows  a  sharp 
clean  surface.  If  the  ripe  eggs  be  taken  from  the  ovary  and  put  into  sea- 
water  a  perivitelline  space  of  more  or  less  extent  begins  soon  to  appear. 
The  egg  imbibes  water,  and  the  chorion  or  outer  envelope  is  distended, 
and  stands  out  all  round  clear  of  the  inner,  the  vitelline  membrane  {vide 
fig.  95). 

Certain  ripe  eggs  were  extracted  from  the  vagina  of  a  female  that  had 
been  spawning,  by  means  of  a  pipette  introduced  by  the  vulva.  They 
were  practically  identical  with  the  ovarian  egg,  there  being  practically  no 
perivitelline  space  (fig.  94). 

If  the  eggs  which  have  been  extruded,  and  which  are  found  in  a  semi- 
fluid mass  lying  on  the  abdomen  of  the  crab,  bo  examined,  some  will  be 
found  to  be  attached  to  the  hairs,  while  others  are  loose.  The  latter  show 
large  perivitelline  spaces,  but  not  so  large  as  in  the  dropsical  eggs.  A 
large  quantity  of  eggs  which  had  been  extruded  a  week  previously,  and 
which  had  not  become  attached,  but  were  lying  in  a  heap  in  a  corner  of 
a  box  in  which  a  spawning  female  was  confined,  had  very  large  peri- 
vitelline spaces ;  they  were  stuck  together,  but  were  easily  separated. 

The  essential  for  the  attachment  of  the  egg  to  the  hair  of  the 
endopodite  is  the  large  perivitelline  space,  to  which  the  great  ductility 
of  the  chorion  contributes  materially.  In  each  of  the  eggs,  from  that 
showing  practically  no  perivitelline  space,  viz.  the  ovarian  egg,  to  the 
egg  which  has  been  a  considerable  time  in  water  and  in  which  the 
perivitelline  space  has  reached  enormous  dimensions  {fig,  96),  the  chorion 
always  shows  a  'sharp  definite  outline  without  wrinkles,  i.6.,  as  long  as 
the  chorion  is  unpierced  by  the  hair. 

Certain  experiments  bearing  on  the  formation  of  the  perivitelline 
space  were  made  on  the  eggs  from  apparently  ripe  ovaries  during 
November.  A  portion  of  the  ovary  was  teased  out  in  sea-water.  It  is 
to  be  noted  that  the  space  does  not  begin  to  form  in  all  cases — and  even 
if  it  does  form  it  may  be  only  slight  in  extent — although  the  eggs  may  be 
indistinguishable  from  others  which  do  so.  Whenever  the  vitelline 
membrane. is  ruptured  (as  may  often  happen  in  teasing  the  ovary),  the 
egg  immediately  forms  a  large  perivitelline  space,  and  the  fluid  in  the 
latter  becomes  amber-coloured  or  pinkish,  whereas  in  the  normal  egg  it  is 
colourless. 

On  November  17  a  female  measuring  7^  inches  across  was  dissected. 
The  ovary  was  friable,  and  the  eggs,  which  measured  '37  and  '4  mm.  in 
diameter,  separated  out  easily  in  water.  There  was  no  perivitelline 
space  visible.  At  the  end  of  three  minutes  a  distinct  perivitelline  space 
had  appeared. 

In  another  crab  the  ovary  was  full  and  of  a  crimson-red  colour. 
After  being  in  sea- water  for  about  an  hour  the  eggs  showed  perivitelline 
spaces  of  considerable  amount. 

A  crab  measuring  7^  inches  across  on  November  9th  had  an  ovary 
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which  was  large  and  full.  The  eggs  measured  about  '4  mm.  in  diameter. 
Some  were  a  little  less ;  others  larger  and  narrower.  Certain  of  the  eggs 
were  put  into  fresh  water :  others  into  sea- water.  They  began  to  form 
spaces  in  a  few  minutes.  In  the  fresh  water  the  eggs  which  had  been  of 
a  bright  red  colour  imbibed  the  water  so  much  that  the  inner  egg  (yolk- 
sphere)  became  disorganised,  and  the  fluid  in  the  space  became  red  or 
amber-coloured.  The  whole  egg,  moreover,  became  whitish-pink  to  tlie 
naked  eye — the  condition  seen  in  dead  eggs.  A  considerable  peri- 
vitelline  space  formed  in  the  eggs  in  the  sea- water  in  about  ten  minutes, 
and  the  eggs  were  not  disorganised. 

The  rapidity  with  which  the  perivitelline  space  is  formed  depends  on 
the  stage  of  development  of  the  egg.  Minute  differences  occur  between 
eggs  of  an  apparently  similar  stage  of  ripeness. 

In  another  case  the  eggs  were  examined  twenty  minutes  after  they 
were  put  into  sea-water,  and  they  then  showed  perivitelline  spaces. 
Several  days  afterwards,  the  perivitelline  spaces  had  increase<l  in  extent, 
but  the  eggs  retained  the  fresh  normal  colour. 

In  none  of  the  experiments  did  any  of  the  eggs  stick  to  the  glass. 

On  October  30th  a  crab  was  found  to  have  spawned,  probably  during 
the  preceding  twenty-four  hours.  A  large  quantity  of  eggs  was  lying  in  a 
heap  on  the  bottom  of  the  tank,  while  a  large  amount  of  eggs  was 
contained  on  the  abdomen.  Some  of  the  hairs  of  one  of  the  endopodites 
were  snipped  off,  and  on  examination  the  attached  eggs  showed  an  early 
condition  of  the  process  of  attachment.  In  some  the  zona  was  not  yet 
completely  collapsed :  some  of  the  eggs  were  however  already  stalked. 
There  was  a  number  of  dead  eggs  attached  to  the  hairs.  On  one  of  the 
hairs  the  little  cilia  were  seen  to  be  turned  back,  as  if  they  had  been  bent 
over  as  the  hair  was  pushed  through  the  egg  membrane.  The  eggs  that 
were  lying  on  the  bottom  of  the  box  were  quite  separate,  and  they  showed 
under  the  microscope  no  coating  of  cement,  as  did  neither  of  the  ovarian 
or  attached  eggs. 

An  experiment  was  made  with  the  view  of  testing  whether  or  not  the 
perivitelline  fluid  had  adhesive  properties :  this  fluid  was  found  to  be 
sticky.  Some  ripe  eggs  were  put  into  sea-water  and  left  there  until  the 
perivitelline  spaces  were  iqfeil  developed.  Four  of  these  were  transferred 
to  a  watch-glass.  The  chorion  of  one  egg  was  pierced  by  means  of  a 
needle,  and  the  egg  began  immediately  to  show  an  adhesive  property. 
Under  the  microscope  a  slightly  refractive  fluid  was  seen  to  have  flowed 
out  of  the  puncture  and  to  have  stuck  to  the  glass.  On  the  following 
day  the  egg  was  attached  to  the  glass,  while  the  others  were  freely 
movable.  It  was,  however,  detached  by  a  puff  of  sea-water  from  a 
pipette,  although  it  resisted  gentle  suction  by  the  same  instrument. 

The  egg  then  having  the  large  perivitelline  space  is  pierced  by  and 
skewered  on  to  an  endopodite-hair.  The  chorion  collapses,  and  being 
extremely  delicate  falls  round  the  hair  clinging  to  it.  The  perivitelline 
fluid  being  somewhat  sticky  no  doubt  helps  to  glue  the  chorion  to  the 
vitelline  membrane^  to  other  parts  of  the  chorion,  and  to  the  hair. 

The  eggs  which  escaped  piercing,  and  which  lay  on  the  bottom  of  the 
box,  showed  large  perivitelline  spaces :  they  grow  dull  in  colour  and  die. 
It  is  probable  that  the  pressure  set  up  within  the  chorion  by  the  osmosis 
is  sufficient  to  cause  the  death  of  the  egg^  unless  it  is  relieved  by  the 
piercing  of  the  membrane. 

In  cei-tain  ovaries  degenerating  eggs  were  found.  They  were  usually 
of  a  dull  pink  colour,  and  their  contents  were  disorganised.  The  ovaries 
were  sometimes  full  of  these  eggs,  e,g,f  in  some  of  the  crabs  kept  in 
confinement — spawning  having  in  some  way  been  prevented. 
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The  Attachment  of  the  Eggs. 

On  being  expelled  from  the  ovary  the  eggs  are  received  into  the  so-called 
"incubatory  chamber"  formed  by  the  carved  abdomen.  The  perivi- 
telline  space  rapidly  develops  in  each  egg.  The  abdomen  is  withdrawn 
from  the  thorax,  and  the  sixth  abdominal  joint  and  the  telson  are  turned 
upwards,  giving  a  quadrant  shape  to  a  longitudinal  section  of  the 
abdomen,  a&.,  fig.  14.  The  thorax  forms  the  anterior  end,  the 
abdomen  the  floor  and  posterior  end  of  the  chamber.  The  two  sides  are 
formed  by  the  exopodites,  which  by  means  of  their  plumose  edges  overlap 
and  prevent  the  eggs  flowing  out  over  the  edge  of  the  abdomen.  The  con- 
dition is  shown  semi-diagrammatically  in  fig.  19.  The  eggs  are  apparently 
extruded  continuouely  until  all  are  expelled.  They  then  lie  in  a  semi- 
fluid mass  in  the  "  chamber,"  and  embedded  in  the  mass  of  eggs  are  the 
endopodites  with  the  flexible  sharp-pointed  hairs.  The  endopodites  have, 
independently  of  the  exopodites,  two  distinct  movements,  of  small  extent, 
one  in  an  antero-posterior  plane,  viz.,  a. — a.,  fig.  19,  and  the  other  in  an 
oblique  direction  across  the  abdomen,  indicated  by  the  arrow,  p.  —  p., 
and  p.' — p.' ;  p. — p.  referring  to  the  endopodites  of  the  right  side,  p.' — p.' 
to  the  endopodites  of  the  left  side.  This  oblique  motion  belongs  to  the 
distal  parts  of  the  jointed  endopodites.  The  hairs  reach  every  portion  of 
the  receptacle.  The  continued  double  movement  of  the  sharp  slender 
hairs  through  the  mass  of  eggs  confined  in  the  incubatory  chamber 
results  in  the  eggs  being  impaled  and  thickly  skewered  on  to  the  hairs. 
This  condition  is  shown  in  fig.  1,  which  represents  a  hair  taken  from  a 
crab  which  had  extruded  its  eggs  only  a  short  time,  probably  not  more 
than  twenty-four  hours,  previously.  In  the  drawing  the  perforations 
in  the  zona  are  exaggerated.  The  hair  avoids  piercing  the  yolk,  simply 
passing  through  the  zona  into  the  perivitelline  space,  and  then  issuing 
at  a  place  near  the  point  of  entrance.  Some  dead  eggs  which  were  being 
devoured  by  Nematodes  and  Acarinae  were  found  on  the  hairs.  How  far 
the  death  of  the  eggs  was  due  to  the  accidental  piercing  of  the  yolk  by 
the  hair,  or  to  the  unfavourable  conditions  under  which  the  crab  was 
living  at  the  time  (viz.,  in  confinement  in  a  small  hatching-box),  is  open 
to  question.  The  hair  on  striking  and  entering  the  zona  will  almost  of 
necessity  force  the  egg  to  turn  round  in  such  a  way  as  to  bring  the  yolk- 
sphere  off*  the  line  of  impact.  The  yolk-sphere  would  naturally  tend  to 
keep  at  the  lower  pole  of  the  egg. 

In  a  short  time  the  zona  collapses,  and  it  becomes  glued  to  the  hair  by 
means  of  the  perivitelline  albuminous  fluid.  The  stalk  or  pedicle  is 
formed  by  the  adhesion  together  of  the  parts  of  the^zona  which  meet. 
This  condition  was  found  when  the  eggs  were  examined  twelve  days  later. 
Figs.  3a,  36,  Zc.  An  interval  of  that  duration  is,  however,  possibly  not 
necessary  for  this  change  to  occur.  The  stalks  vary  in  breadth,  and  they 
are  now  more  or  less  wrapped  round  the  hair.  All  the  crabs  under 
observation  threw  off  their  eggs  shortly  afterwards,  but  in  a  crab  which 
had  spawned  in  a  tank,  and  which  was  examined  in  Januaiy,  the  stalks 
were  now  found  to  be  rope-like  in  many  cases.  The  stalks  of  the  eggs 
were  also  intertwined.  The  movement  of  the  swimmerets,  which  is 
probably  continuous  in  order  to  afford  aeration  to  the  eggs,  will,  by 
tending  to  throw  the  yolk-sphere  as  far  away  as  possible  from  the  point  of 
attachment,  result  in  the  formation  of  the  long  rope-like  stalk,  fig.  21. 

Some  of  the  eggs  are  pierced  by  two  hairs,  and  through  this  it  happens 
that  the  hairs  are  bunched  together.  This  takes  place  not  only  with  the 
hairs  of  one  row,  but  also  with  the  hairs  of  adjacent  rows.  The  grouping 
of  the  hairs  is,  however,  no  doubt  mainly  due  to  the  interlocking  of  the 
6gg8  attached  to  different  hairs. 
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Sometimes  a  hair  is  seen  to  bo  fixed  in  a  position  in  which  it  is  bent 
double. 

The  Q^  in  the  condition  last  described,  firmly  attached  to  the  hair,  is 
seen  on  sectioning  (figs.  18a  and  186)  to  have  three  layers,  which  are  the 
three  layers  noticed  by  Rathke  in  the  egg  of  Astacus,  but  this  author 
regarded  the  outer  investment  ("Aussere  Eihaut")  (the  chorion)  as  derived 
from  the  "cement."  The  three  layers  of  the  egg-shell  are,  (1)  outermost, 
the  chorion  {chr,) ;  (2)  next  the  yolk,  the  delicate  vitelline  membrane,  ??i. 
(*'  Dotterhaut ") ;  and  between  the  two  a  thicker  layer  which  appears  to 
have  been  formed  simply  by  the  solidification  of  the  perivitelline  fluid,  «/., 
figs.  18a  and  ISb  ("  Lederhaut ").  This  results  in  gluing  the  two 
primary  layers  together,  in  that  way  forming  an  efficient  protecting  enve- 
lope to  the  egg. 

77ie  Sloughing  of  the  Empty  Egg- Capsules, 

A  point  of  some  interest  is  the  manner  in  which  the  crab  gets  rid  of 
the  empty  egg-capsules  after  the  hatching  of  the  brood.  This  is  effected 
by  sloughing  off  the  outer  layer  (o.l,,  fig.  32)  of  the  wall  of  the  hair  along 
with  the  attached  capsules,  fig.  43.  The  slough  of  the  hair  is  shown  of 
greater  diameter  that  it  ought  to  be  in  proportion  to  the  rest  of  the 
figure. 

The  minute  oval  corpuscles  found  in  the  cavity  of  the  hair  probably 
function  in  forming  a  new  inner  layer  of  the  hair,  and  in  repairing 
injuries  which  the  hair  may  receive. 

The  Attachment  of  the  Eggs  in  other  Decapod  Crustacea. 

A  number  of  species  have  been  examined  with  a  view  to  determining 
whether  or  not  the  condition  of  the  attached  eggs  was  such  as  would  lead 
one  to  infer  that  the  mode  observed  in  the  case  of  Cancer  pagurus  was  a 
general  one  or  not. 

The  spawning  of  Carcinua  incenas  was  observed,  and  it  will  be  treated 
below.  In  the  following  species  of  Brachyura  and  Auomura  the  berried 
females  were  examined,  viz.,  Maia  squinadOy  Portunus  sp.,  Hyas  sp., 
Stenorhynchus  sp.,  Eupagurus  sp.,  Lithodes  inaia.  In  these  the  condition 
of  the  endopodite  and  the  attached  eggs  was  similar  to  that  of  Cancer 
pagurus^  and  the  mode  by  which  the  eggs  become  attached  is  the  same. 

In  Maia  squinado  (44  inches  across  the  greatest  breadth  of  the  cara- 
pace) the  spermatheca  is  very  large,  and  it  differs  much  from  that  of 
Cancer.  In  the  latter  the  solidified  remains  of  the  fluid  secreted  by  the 
spermatheca  are  got  rid  of  at  the  next  impregnation ;  in  the  former  they 
are  retained,  and  as  a  fresh  secretion  of  fluid  takes  place  with  each 
impregnation  the  spermatheca  attains  enormous  dimensions. 

The  berried  females  of  certain  Galatheidse  and  Macrura  were  also 
examined,  and  the  details  will  be  given  below. 

In  the  Macrura  the  pleopods  differ  much  from  those  of  the  Brachyura. 
In  some  cases  the  exopodites  afford  attachment  to  the  eggs,  while  also 
hairs  on  the  sternum  of  the  abdomen  attach  to  themselves  eggs.  Both 
branches  are  more  or  less  thickly  furnished  with  densely  plumose  sbUb 
which  function  for  swimming.  The  egg-hairs,  usually  ciliated  in  part, 
are  short,  and  so  there  are  not  many  eggs  on  one  hair.  The  eggs  are  in 
large  measure  attached  to  the  protopodite  of  the  pleopod.  The  conclusion 
reached  with  regard  to  these  also  was  that  the  attachment  of  the  egg  was 
effected  through  the  piercing  of  the  chorion  by  the  egghatr. 

Munida  rugosa, — The  eggs  are  much  larger  than  those  of  Caiicer, 
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The  pleopod  has  no  exopodite ;  it  consists  of  a  singlo-jointed  proto- 
podite  and  a  2-jointed  endopodite.  The  endopodite  is  furnished  with  a 
great  quantity  of  fine  egg-hairs  (fig.  27). 

The  eggs  have  very  long  stalks  and  are  not  arranged  along  the  hairs  as 
in  Cancer^  but  the  tips  of  one  or  of  many  hairs  are  inserted  into  the  stalk 
of  the  egg ;  and  they  sometimes  pass  up  the  stalk  for  a  considerable 
distance  (figs.  28  and  29).  In  this  case,  then,  there  is  never  more  than 
one  egg  to  each  hair,  but  very  often  only  one  egg  to  a  group  of  hairs.  Its 
position  on  the  extremity  of  the  hair  gives  occasion  to  much  rotary  move- 
ment of  the  egg,  and  through  this  the  stalk  becomes  tightly  twisted  like 
a  rope. 

Some  of  the  hairs  of  this  species  are  setose  over  the  whole  of  their 
length,  the  cilia  being  long :  the  extremity  of  the  hair  is  bare  for  a 
greater  or  shorter  distance.  The  short  egg-hairs  are  setose  on  the  middle 
of  their  length  (fig.  27).  The  cilia  are  longer  at  the  distal  end  and 
become  less  as  they  are  more  proximal.  This  probably  prevents  the  hair 
entering  the  egg  very  far  on  its  piercing  the  chorion. 

Galaihea  diapersa. — In  this  form  there  does  not  appear  to  be  more 
than  one  egg  to  each  hair;  and  a  group  of  hairs  sometimes  enters 
one-egg  stalk.  A  cluster  of  eggs  is  sometimes  found  on  one  fascicle 
of  hairs. 

A  condition  similar  to  Gaiathea  dispersa  is  apparently  present  in 
CalocarU  macandrerjB. 

Homarus  vtUgai'ts, — The  pleopod  is  short  and  paddle-like.  The  endo- 
podite is  2-jointed.  The  two  branches  are  provided  with  the  usual 
setose  hairs  round  their  margins,  and  on  the  posterior  or  concave  surface 
of  the  endopodite  there  are  arranged  round  the  margin  the  egg-hairs. 
They  are  not  nearly  so  numerous  as  the  plumose  set®.  On  the  exopo- 
dite at  its  basal  outer  comer  there  is  a  fascicle  of  egg-hairs.  There  are 
several  fascicles  of  the  same  on  the  protopodite  and  also  on  the  sternum 
of  the  abdominal  segment. 

The  egg-hairs  are  extremely  delicate.  The  tips  only  are  ciliated,  and 
the  cilia  are  directed  forward  sdong  the  extremity  of  the  hair  (fig.  58). 

The  eggs  are  not  attached  to  the  distal  parts  of  the  endopodite  and 
exopodite.  In  this  form  they  are  attached  in  two  ways — (1)  by  the  usual 
stalk  attachment  to  the  hair,  a  condition  brought  about  in  a  way  similar 
to  that  of  Cancel* ;  (2)  eggs  are  attached  to  one  another  by  stalks  and 
without  the  intermediary  of  an  egg-hair,  vide  figs.  56  and  57.  The  stalks 
which  these  eggs  show,  and  which  may  be  two  or  three  in  number,  exactly 
resemble  the  stalks  of  the  eggs  attached  to  hairs ;  they  are  without  doubt 
formed  by  the  chorion.  In  no  case  were  two  eggs  found  to  be  sticking 
together  in  the  way  in  which  the  demersal  eggs  of  a  fish,  e,g,  Cydopterus 
lumptiSf  stick  together.  In  the  latter  case  the  two  eggs  form  at  the  point 
where  they  are  glued  together  a  flat  common  wall.  In  the  lobster,  on 
the  other  hand,  the  eggs  are  all  stalked,  and  the  fact  that  each  egg  usually 
has  more  than  one  stalk  gives  some  apparent  ground  for  the  theory  of  the 
cement-coveriug  of  the  egg. 

Scott*  has  recently  described  the  spawning  of  the  lobster.  The 
female  lay  on  its  back,  and  the  eggs  flowed  down  into  the  incubatory 
chamber  formed  by  the  flexed  abdomen.  When  the  eggs,  just  after  they 
emerged  from  the  genital  openings,  were  placed  in  a  glass  of  sea-water 
and  collected  into  a  heap  they  all  became  attached  one  to  the  other,  "  and 
also  to  the  glass.  Moreover,  the  adhesive  material  only  remains  soft  for 
a  short  time,  as  when  the  individual  eggs  were  isolated  and  prevented 
from  adhering  to  the  glass  it  was  found  that  at  the  end  of  half-an-hour 

•  Scott,  *.*0n  the  Spawning  of  the  Lobster."     Rj^ri  of  the  Lancashire  Sea-Fiihei'tet 
LabarcUory  for  1902.    No.  xi.     Liverpool,  1903,  pp.  20  et  seq. 
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the  adhesive  property  had  completely  disappeared."  The  stickiness  is 
not  a  true  cement,  it  is  merely  an  alhuminous  substance,  not  a  fluid 
'  chitin  "  capable  of  forming  an  outer  envelope. 

While  it  is  not  easy  to  say  exactly  how  the  stalked  attachment  between 
the  eggs  is  produced,  it  is  still  possible  to  describe  a  process  by  which 
the  same  might  be  arrived  at. 

I  have  not  seen  the  newly-extruded  ^gg^  but  assume  that  on  passing 
out  of  the  oviduct  it  will  show  little  if  any  perivitelline  space.  The 
egg  in  gaining  contact  with  sea-water  would  immediately  begin  to  deve- 
lop a  perivitelline  space.  The  extruded  eggs  lying  on  the  abdomen 
would,  by  the  mutual  pressure  due  to  their  weight,  tend  to  cause  the 
expulsion  of  some  of  the  perivitelline  fluid  by  the  micropyle  (which, 
although  it  has  not  yet  been  described,  very  probably  exists).  Through 
this  the  now  flaccid  chorion  might  be  glued  to  an  Qgg^  which  in  a  similar 
way  might  attach  itself  to  a  third  or  to  the  first  egg.  Again,  these  eggs 
may  have  been  pierced  by  the  hairs  without  actually  becoming  attached 
to  them.  The  eggs  that  are  attached  to  one  another  are  close  to  the 
base  of  the  pleopod,  where  they  are  not  subjected  to  any  very  violent 
movement.  They  are  often  found  on  the  outside  of  the  eggs  which  are 
attached  to  a  fascicle  of  hairs. 

The  weight  of  the  egg  tends  to  stretch  out  the  ductile  chorion  into  long 
thin  stalks.     Two  attachments  may  sometimes  be  seen  to  one  broad  stalk. 

Nephrops  norvegieue, — The  pleopod  is  short  and  paddle-like ;  the  endo- 
podite  is  2-jointed.  Both  branches  are  fringed  with  densely  plumose 
setse.  The  egg-hairs  (fig.  64)  have  sharp  points,  and  are  ciliated  near 
their  extremities ;  the  cilia  are  small,  soft,  and  blunt.  Sometimes  the 
fourth  of  the  length  of  the  hair  is  ciliated.  The  egg-hairs  are  arranged 
round  the  periphery  of  the  hind  surface  of  the  endopodite ;  they  are 
also  found  on  the  protopodite.  At  the  joint  on  the  endopodite  the 
projecting  comer  of  the  proximal  segment  bears  a  fascicle  of  egg-hairs. 
The  egg-hairs  do  not  carry  nearly  so  many  eggs  as  they  do  in  the 
Brachyura. 

Crangon  vulgaris, — The  egg-hairs  are  short,  but  more  than  one  egg  is 
strung  on  one  hair.  The  eggs  are  attached  to  the  protopodite,  not  to  the 
endopodite  or  exopodite. 

Pandalui  Montagui, — In  this  form  also  the  eggs  are  attached  to  the 
inner  surface  of  the  protopodite,  and  not  to  either  the  endopodite  or  exo- 
podite.    The  egg-hairs  are  short. 

The  eggs  are  tJso  attached  to  one  another  as  in  the  lobster. 

The  duty  of  bearing  the  eggs  is  not  allowed  to  interfere  with  the  swim- 
ming function  of  the  pleopod.  In  Crangon  and  Fandalus,  where  the 
pleopods  are  important  swimming  organs,  the  eggs  are  attached  to  the 
protopodite. 

In  ffomanUf  where  the  swimming  function  of  the  pleopod  is  prac- 
tically in  abeyance,  the  eggs  are  attached  to  the  endopodite  and  exopodite, 
but  not  to  their  distal  parts. 

In  the  Brachyura,  in  place  of  a  pleopod  which  performs  both  functions, 
viz.  of  swimming  and  of  carrying  the  eggs,  we  have  an  organ  which  is 
suited  solely  for  bearing  and  protecting  the  eggs.  The  endopodite  is 
provided  with  special  hairs  to  which  the  eggs  become  attached,  while  the 
exopodites  function  in  protecting  the  attached  eggs  during  the  period  of 
incubation. 

Carcinus  mamas. 

The  writer  had  the  opportunity  of  observing  part  of  the  spawning 
process  in  Carcinus.    Four  females  extruded  their  eggs  at  the  Laboratory. 

+  P.  Mayor 
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The  ovaries  of  these  and  of  a  number  of  other  crabs  were  examined.  So 
far  as  could  be  made  out,  little  difference  exists  between  the  process  of 
spawning  in  this  form  and  in  Cancer, 

TJie  Formation  of  the  Perivitelline  Space  in  the  Egg. 

Ovarian  Eggs. — A  number  of  non-berried  impregnated  female  crabs 
{C.  nurnas)  were  examined  in  October,  at  a  time  when  other  individuals 
of  this  species  were  spawning.  They  measured  in  greatest  breadth  lA  in. 
and  upwards.  Of  these,  some  had  orange  ovaries  containing  eggs  which 
were  practically  ripe :  others  had  pale,  white,  immature  ovaries.  The 
two  classes  differed  in  external  appearance.  The  shells  of  the  crabs 
which  had  orange  ovaries  were  darker  coloured  than  in  the  others.  In  the 
former  the  thorax  and  third  maxillipodes  especially  showed  some  brown 
colour.  In  the  crabs  having  immature  ovaries  the  legs  and  thorax  were 
of  a  light  green  colour,  which  indicated  that  they  had  cast  more  recently 
than  the  former  (probably  during  the  summer  just  past). 

The  ripe  egg,  on  being  extruded,  soon  shows  a  perivitelline  space.  In 
several  instances  when  ovarian  eggs,  which  were  apparently  ripe,  were 
put  into  sea-water  a  small  separation  of  the  chorion  from  the  vitelline 
membrane  began  to  show  itself,  but  although  the  eggs  were  kept  in  the 
water  till  next  day  no  large  cr,  in  many  cases,  even  distinct  perivitelline 
spaces  developed,  except  in  those  eggs  in  which  the  inner  (vitelline) 
envelope  had  been  ruptured,  when  large  perivitelline  spaces  were  rapidly 
(in  half-an-hour)  formed. 

The  formation  of  the  perivitelline  space  would  then  appear  to  be  due 
to  the  osmosis  set  up  through  the  chorion  by  the  presence  between  the 
chorion  and  the  vitelline  membrane  of  a  fluid  derived  from  the  yolk. 
The  non-formation  of  the  perivitelline  space  in  the  above-mentioned  eggs 
was  possibly  due  to  the  fact  that  the  complete  ripening  of  the  egg,  viz. 
with  the  occurrence  of  this  fluid  between  the  two  envelopes,  had  not  yet 
succeeded. 

A  few  ripe  eggs  were  found  in  the  spent  ovaries  of  certain  berried 
crabs.  The  spent  ovary  is  a  colourless  empty  sac,  and  shows  here  and 
there  usually  one  or  two  ripe  orange-coloured  eggs  which  have  not  been 
extruded.  In  two  cases  examined  none  of  the  ovarian  eggs  showed  a 
perivitelline  space,  but  on  being  transferred  to  sea-water  the  spaces 
began  to  develop,  and  in  a  short  time  were  large.  In  some  cases  the  space 
was  distinctly  reddish-coloured.  It  would  therefore  appear  that  a  change 
which  makes  the  egg  more  favourable  for  osmosis  takes  place  in  the 
ripening,  probably  just  before  extrusion. 

Spawned  Eggs. — Some  eggs  which  were  taken  by  means  of  a  brush 
off  the  thorax  of  a  spawning  female  were  found  to  have  a  very  slight 
perivitelline  space,  but  after  they  had  been  left  in  sea-water  for  a  little 
they  showed  large  spaces. 

One  female  which  was  found  spawning,  or  which  had  just  flnished  that 
process,  had  surrounding  it  a  thick  layer  of  eggs  on  the  bottom  of  the 
box.  A  small  quantity  of  eggs  only  was  attached  to  the  endopodites. 
The  crab  was  transferred  to  a  glass  vessel,  and  in  the  course  of  that 
operation  a  considerable  quantity  of  eggs  rolled  off  the  abdomen.  These 
eggs  showed  large  perivitelline  spaces,  and  most  had  a  peak-like  eminence 
on  the  exterior  of  the  chorion. 

The  eggs  lying  free  on  the  bottom  of  the  box  round  the  crab  also 
showed  large  perivitelline  spaces,  but  the  little  prominences  were  not  seen 
on  the  chorion. 

As  was  concluded  in  the  case  of  Cancer,  the  perivitelline  fluid  is  of 
a  sticky  nature. 
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Eggs  picked  off  the  bottom  alongside  the  spawning  female  had  large 
perivitelline  spaces,  with  perfectly  smooth  chorion ;  there  was  no  trace  of 
any  sticky  fluid  outside  the  egg. 

The  eggs  which  were  displaced  from  the  abdomen  in  transferring  the 
spawning  female  to  a  glass  jar  from  the  box  in  which  it  had  previously  been 
kept  lay  on  the  bottom  of  the  dish,  and  were  with  few  exceptions 
emptied  out  of  the  dish  by  gentle  rinsing.  The  few  which  remained 
attached  to  the  glass  were  dislodged  by  the  touch  of  a  brush  or  with  a 
pipette. 

When  the  pipette  was  crowded  with  eggs,  and  in  one  case  where  the 
eggs  were  allowed  to  accumulate  in  a  compact  mass,  on  forcing  them  out 
some  remained  sticking  to  the  glass.  These  were  the  eggs  which  showed 
the  little  prominences  on  the  chorion  mentioned  above.  On  examining 
the  end  of  the  pipette  with  the  microscope,  at  nearly  every  egg  a  little 
refractive  globule  was  seen  attached  to  the  exterior  of  the  chorion. 
This  is  without  doubt  the  perivitelline  fluid  which  has  been  squeezed  out 
and  which  served  to  glue  the  egg  to  the  glass  in  this  case. 

In  another  case  the  eggs  which  lay  or  the  bottom  of  the  box  were 
found  the  next  day  to  be  stuck  together  in  masses,  which,  however,  readily 
broke.  The  attachment  of  the  eggs  to  one  another  was  probably  due  to 
the  perivitelline  fluid  which  the  mutual  pressure  of  the  eggs  would  no 
doubt  tend  to  press  out.  A  similar  condition  was  observed  in  the  case  of 
the  unattached  eggs  of  Cancer  payunis.  After  several  days  the  eggs 
which  lay  on  the  bottom  of  the  box  had  become  attached  together  in 
masses. 

Tlie  Spawning  of  C.  mamcu, 

A  crab  which  had  just  extruded  its  eggs  on  September  28th  was  sur- 
rounded by  a  quantity  of  eggs  which  looked  like  red  dust  on  the  sand. 
It  was  removed  to  a  glass  vessel  and  examined  in  water.  It  was 
then  seen  that  the  abdomen  of  the  crab  was  being  held  away  from  the 
thorax  and  that  it  formed  a  kind  of  basin.  The  points  of  the 
endopodites  lay  on  the  openings  of  the  vulvse.  A  small  quantity  of  eggs 
were  attached  to  each  endopodite,  and  eggs  were  noticed  in  the  openings  of 
each  vagina.  The  endopodites  were  moved  forwards,  backwards,  and 
outwards,  widely  separated  laterally,  inwards,  and  forwards.  The 
independent  movement  of  the  distal  part  of  the  endopodite  was  seen.. 
The  exopodites  move  a  little  in  unison  with  the  endopodites  in  certain  of 
the  movements. 

The  crab  gradually  threw  oflf  the  eggs  that  were  attached  to  the 
endopodites. 

On  the  endopodites  a  similar  condition  to  that  seen  in  Cancer  pagurua 
was  found.  The  chorion  of  the  egg  had  been  pierced  by  the  hair  and  it 
was  in  a  collapsed  condition. 

On  October  16th  a  crab  was  examined  which  had  spawned  since 
the  previous  day.  The  eggs  on  the  endopodite  showed  their  outer 
envelopes  (chorion)  all  wrinkled,  but  the  yolk-sphere  was  not  pushed  to 
the  pole  away  from  the  hair:  it  lay  simply  in  the  middle  of  the  irregularly 
crinkled  envelope.     The  stalk  was  not  yet  formed. 

A  considerable  number  of  dead  eggs  was  found  attached  to  the  endo- 
podites of  a  berried  Carcinus  (October  1 4th)  which  had  just  spawned  in 
the  Laboratory.  The  inner  or  vitelline  membrane  had  been  ruptured  and 
the  yolk-sphere  was  broken  up.  It  is  possible  that  the  yolk  sphere  may 
have  been  pierced  by  the  endopodite  hair,  though  other  agencies  may 
have  been  the  cause  of  their  destruction. 

Spawning  seems  to  be  completed  within  24  hours. 
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Notes  on  Casting,  Distribution,  etc,  of  Cancer  pagurus, 

Thb  Pbriodioitt  of  Spawning  and  Casting. — Certain  berried  crabs 
were  obtained  during  the  summer  of  1902.  Their  eggs  hatched  during 
August,  September,  and  October.  None  of  these  crabs  spawned  again 
until  the  end  of  October  1903,  when  two  did  so.  None  of  the  crabs 
cast  during  the  period. 

In  February  1904  two  of  the  crabs  were  berried,  and  two  were  found 
dead.  In  the  two  latter  the  ovary  was  spent  in  one,  and  in  the  other 
was  ripe  but  dropsical. 

Thb  Colour  of  thb  Soft  Crab. — When  a  crab  has  just  cast  it  is  a 
plump  inert  mass,  which  yields  in  all  its  parts  to  the  slightest  pressure  of 
the  fingers.  It  is  of  a  dark  purple  colour  all  over  the  dorsum  and  dorsal 
surfaces  of  the  pereiopods  :  the  ventral  surface  is  yellowish  white.  As 
the  shell  hardens  the  dorsum  gradually  becomes  of  a  lighter  hue,  turning 
into  a  brick-red  colour.  Meantime  the  third  or  white  layer  of  the  shell 
is  thickening. 

In  the  paragraph  dealing  with  the  migration  of  crabs  the  question  of 
the  abstention  from  casting  is  discussed  in  connection  with  one  of  the 
labelled  crabs. 

Casting. — During  the  autumn  of  1902,  31st  August  to  15th  October, 
a  number  of  female  crabs  cast  in  the  tanks  at  the  Bay  of  Nigg.  With 
the  exception  of  the  firsts  all  the  females  recorded  in  the  following  Table 
cast  at  tills  time.  The  size  of  the  crab  before  and  immediately  after 
casting  is  shown  in  parallel  columns  opposite  the  date  when  the  cast  took 
place. 
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TABLE  I. 
CRABS  THAT  CAST  IN  THE  MARINE  LABORATORY,  BAY  OP  NIGG. 


Date. 

Hard  Crab 
— Inchos. 

Soft  Crab 
— Inches. 

Incroise — 
Inch. 

Ratio  of 
Incroaso. 

August  16,  . 

13  $ 

n 

i 

1/5-5 

?»       11    • 

yh6 

ij 

A 

1/4-6 

II       II    •        • 

28  6 

31 

i 

1/3-5 

1.      81,  .        . 

4J  ? 

Septomber  1, 

41   $ 

n        6,        . 

44   ? 

5  • 

I 

1/4-7 

II        8,       . 

43    ? 

5i 

i 

1/5-5 

II        9. 

6}  $ 

6} 

1/6-2 

„      10,       . 

64  $ 

6A 

H 

1/5-4 

II        II 

4J   $ 

5* 

fi 

1/7-8 

II      11, 

3?   $ 

4j. 

f 

1/4-8 

1.      16,       . 

11 

1ft 

i 

1/5-5 

u              ,, 

Zi  2 

3J 

i 

} 

October  5,    . 

1    (S 

li 

i 

k 

II      8,    . 

m<s 

24 

1^ 

1/3-8 

,1     0,    . 

SI  $ 

,1    13.    . 

2H$ 

n       1,       • 

4g    $ 

II    16,    . 

41   ? 

sr 

i 

1/7-8 

*  Measured  several  days  after  casting. 

As  was  previously*  shown,  the  ratio  of  increase  at  each  cast  varies 
greatly.  In  the  Table  then  given  the  ratio  varied  from  ^  to  ^.  In  the 
present  case,  in  only  one  instance  was  the  ratio  greater  than  |,  and  it  was 
as  small  as  |. 

The  histological  changes  that  accompany  the  ecdysis  of  the  crab  have 
been  dealt  with  by  Witten. 

At  the  time  when  the  crab  casts,  the  shell  of  the  three  proximal  joints 
of  the  chela  becomes  absorbed  along  certain  lines,  thereby  allowing  of 
the  expansion  of  these  joints  to  permit  the  withdrawal  of  the  large  claw. 
In  fig.  100,  Plate  lY.,  is  shown  the  cast  chela.  The  absorption-lines 
are  on  the  coxopodite,  basi-ischiopodite,  and  meropodite,  viz.,  ahs.  The 
part  of  the  shell  lying  between  the  lines  is  movable.  Similar  absorption 
areas  appear  in  the  lobster  (Herrick). 

1^  Distribution. — In  discussing  the  question  of  the  distribution  of  the 
crab,  I  was  of  the  opinion  that  a  group  of  crabs  measuring  from  2|  to  4 
inches  would  bo  found  to  inhabit  the  shore  waters  just  outside  low- water 
mark.  This  group  was  distinct  from  the  beach  group,  which  is  consider- 
ably smaller,  viz.  from  ^  to  2^  inches,  and  is  itself  smaller  than  the  adult 
group,  which  measures  from  about  4  inches  upward ;  it  is  required  to  fill 
up  the  very  considerable  gap  which  separates  these  two  groups.  ( Vule 
PL  IIL)  ♦ 

*  **  Contributions  to  the  Life  History  of  Cancer  pagurut" 
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With  a  view  to  testing  the  theory  respecting  this  group  (III.)  a  number 
of  creels  were  shot  during  March  to  August  in  1900  and  1901.  They 
were  set  just  outside  low- water  mark  and  were  occasionally  left  dry  by  the 
ebb.  Some  of  the  creels  were  at  times  shot  in  2  or  3  fathoms.  One  or 
two  of  the  creels  were  covered  with  small-meshed  netting.  The  number 
and  sizes  of  the  crabs  got  in  each  month  are  set  out  in  Table  II. 

In  March  and  April  very  few  crabs  were  got.  This  was  in  part  due 
to  the  fact  that  at  that  period  of  the  year  it  often  happens  that  bad 
weather  prevents  fishing  for  a  considerable  time,  but  this  does  not  account 
for  the  small  catches.  Because  even  when  the  creels  were  fishing,  it  very 
often  happened  that  no  crab  was  caught.  Their  absence  from  the  creels 
does  not  necessarily  mean  their  absence  from  the  region.  They  may  not 
then  feed  eagerly.  Crabs  that  are  kept  in  the  Laboratory  during  winter 
became  very  inactive.  The  cold  has  a  much  more  paralysing  effect  on 
the  edible  crab  than  it  has  on  Carcimis  mcenas,  so  that  it  is  possible 
that  the  inshore  crabs  may  not  move  about  much  before  the  month  of  May. 
In  this  month  (May)  a  considerable  number  of  crabs  were  got  in  the  creels 
shot  in  the  same  place  as  in  the  preceding  months.     (Vide  Table  II.) 

An  examination  of  the  catch  of  crabs  shows  that  it  consists  of  a  large 
number  of  crabs  which  fall  into  the  gap  between  the  Beach  and  the 
Adult  groups,  but  it  also  contains  a  large  proportion  of  adult  crabs.  The 
adult  crabs  appeared  in  the  catches  all  through  the  summer. 

The  curve  formed  by  the  measurements  of  these  crabs  has  been  intro- 
duced into  a  chart  along  with  the  curves  of  the  Beach  and  Adult  crabs. 
The  latter  are  taken  from  my  previous  paper  (Tables  VIIIa  and  IX,) 

A  reference  to  the  chart  shows  that  the  new  group  (red  curve)  tends  to 
fill  up  the  gap  between  the  two  former  groups.  The  curve  overlaps  both 
groups.  It  measures  from  about  2  inches  to  over  7  inches.  The  examina- 
tion of  the  shore  waters  was  not  carried  on  during  the  whole  of  the  year, 
and  the  inshore  migration  of  the  adult  crabs  introduces  larger  crabs 
than  actually  belong  to  the  group  under  consideration. 

We  then  have  in  the  summer  in  the  shallow  inshore  water  a  double 
group,  consisting  of  the  III.  and  IV.  groups.  In  the  autumn  and  winter, 
investigation  will  very  probably  show  that  the  adult  group  will  be  entirely, 
or  almost  entirely,  absent,  and  in  these  seasons,  therefore,  a  better  defined 
Group  III.  should  be  found. 

Rate  op  Growth. — As  material  for  the  study  .of  the  rate  of  growth  of 
the  crab,  I  have  introduced  here  the  measurements  of  the  monthly  collec- 
tions made  on  the  beach  at  Dunbar  (Table  III.),  and  also  the  details 
of  the  individual  catches  which  were  measured  (Table  Y.).  The  totals 
were  given  in  my  former  paper,  and  the  regions  where  the  catches  were 
made  are  in  certain  instances  given  in  TaUe  V,  I  have  also  introduced 
three  additional  collections  made  on  the  beach,  Dunbar,  in  1899  and  1900 
(Table  IV.). 

Mr  H.  T.  Waddington,  Bournemouth,  has  kindly  funiished  me  with 
particulars  of  two  series  of  casts  of  this  form.  The  various  ecdyses 
which  the  two  specimens  underwent  have  been  carefully  recorded  by  him, 
and  he  has  permitted  me  to  publish  them  here  (Table  YI.).  The 
measurements  of  the  successive  casts  of  a  third  crab,  which  were  presented 
by  Mr.  Waddington  to  Professor  Howes,  were  kindly  supplied  to  me  by 
Mr.  William  Wallace,  B.Sc,  Lowestoft. 

Specimen  A.  when  captured,  viz.,  in  August,  measured  3 '25  mm. ;  it 
had  probably  been  in  the  megalops  stage  not  more  than  a  month 
previously.  When  one  year  old  it  measured  30*75  mm.,  i.e.,  1^  inches  ; 
when  two  years  old  it  measured  nearly  46  mm.,  i.e.,  a  little  less  than 
2  inches  across.  Assuming  that  the  rate  of  growth  in  nature  approxi- 
mated to  the  data  here  given,  we  should  conclude  that  the  beach  group  con- 
sisted of  crabs  in  their  second  year,  and  that  a  crab  of  41  inches  across 
would  be  not  less  than  three  years,  nor  probably  more  than  four  years  old. 
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TABLE  VI. 
Waddinuton's  Sbries  or  Oaruar  pagnna. 
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A  number  of  labelled  crabs  which  were  received  after  the  publication 
of  the  previous  paper  are  recorded  in  Table  Y II.  One  of  these  crabs  (the 
last  in  the  Table),  which  is  a  male  measuring  ^\  inches  across,  is  especially 
interesting.  It  was  recaptured  after  an  interval  of  three  years  very  near 
the  place  where  it  was  set  free.  When  liberated  it  was  a  soft  crab,  and 
it  had  not  cast  its  shell  during  its  period  of  freedom.  The  abstention  of 
the  large  crabs  from  casting  has  been  exemplified  by  a  number  of 
instances,  but  the  time  of  abstention  has  only  been  determined  by 
secondary  proofs.  For  example,  a  crab  is  captured  with  an  oyster  attached 
to  its  back.  Since  the  age  of  the  oyster  may  be  more  or  less  accurately 
judged  from  its  size,  a  part  of  the  period  that  has  elapsed  since  the 
ecdysis  has  been  determined.  Thus  Buckland  recorded  two  crabs  which 
had  on  their  backs  three-year-old  oysters :  they  could  not  have  cast  for 
three  years.  Another,  now  in  the  Ipswich  Museum,  is  said  to  have  a 
four-year-old  oyster  on  its  back. 

The  present  case  gives  a  definite  abstention  for  three  years  at  the  time 
of  capture.  At  the  beginning  of  1903  it  had  not  cast,  and  would  not 
probably  cast  then  till  the  summer.  This  would  make  the  abstention 
from  casting  four  years.  There,  of  course,  comes  a  stage  when  the  crab 
ceases  altogether  from  casting. 

Meek  gives*  a  list  of  the  labelled  crabs  set  free  on  the  coast  of 
Northumberland  and  which  have  been  recaptured  at  various  times  during 
1902  and  1903.  One  of  these  is  of  special  interest.  Set  free  in  October 
it  was  captured  in  the  following  July  at  Portlethen  (near  Aberdeen),  a 
point  about  80  miles  to  the  north  of  the  place  of  liberation. 

The  Changes  in  the  Carapace  of  Cancer  pagurus, 

Cunningham  in  his  paper  on  the  early  post-larval  stages  of  this 
Crustacean  drew  attention  to  the  great  difference  between  the  early  and 
the  adult  form  of  the  carapace.  In  the  adult  the  carapace  is  broadly  oval 
in  shape,  and  is  crenate  at  the  edge.  In  the  very  young  crab  the  edge  is 
toothed.  In  his  opinion  the  general  resemblance  of  the  carapace,  in  this 
stage,  to  that  of  Atelecydus  heterodon,  along  with  certain  other  points  of 
similarity,  indicated  a  closer  affinity  between  the  two  species  than  had 
previously  been  recognised. 

I  have  had  the  opportunity  of  examining  one  of  the  series  of  casts 
belonging  to  Mr.  Waddington  (A,  Table  VI.).  They  are,  with  the  excep- 
tion of  the  first,  shown  in  natural  size  in  figs.  71-81.  The  changes  which 
take  place  in  the  shell  are  well  seen.  In  fig.  103  an  enlarged  drawing 
of  the  second  of  the  series  is  shown  ;  it  measures  4*75  mm.  across 
the  broadest  part  of  the  back.  The  carapace  has  five  main  lateral 
teeth,  of  which  the  first  forms  the  hind  edge  of  the  orbit,  while  the 
fourth  projects  laterally  farther  than  the  othera  The  main  teeth  are  all 
serrated ;  between  each  two  a  secondary  tooth  is  found.  The  rostrum 
consists  of  three  dentate  lobes.  The  edge  of  the  orbit  is  serrated ;  and  on 
the  surface  of  the  carapace  and  on  the  limbs  there  are  numerous  small 
teeth. 

In  the  next  stage  (fig.  102) — 5*75  mm.  in  greatest  breadth — a  very 
considerable  advance  on  the  preceding  is  noticed.  The  secondary  teoth 
have  increased  in  proportional  size,  and  with  the  main  teeth  are  now  more 
lobat«  or  rounded.  All  of  the  lateral  edge  and  the  margin  of  the  orbit 
is  minutely  dentate.  On  the  rostrum  the  three  lobes  show  merely  a 
minutely  notched  anterior  edge— the  serrations  being  rounded,  not  tooth- 
like.    The  chela  is  furnished  with  tooth-like  tubercles. 

*  Meek,  "The  Migrations  of  Crabs." — Northumberland  Sea-Fisheries  Committee,    Report 
on  the  ScietUiJic  Invettiffotions  for  the  year  1903.    Newcastle-on-Tyne,  1904. 
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Fig.  101  shows  the  stage  immediately  following,  viz.,  8*5  mm.  The 
lateral  teeth  of  the  carapace  are  now  lobes  having  minutely  notched 
edges ;  the  secondary  lobes  are  almost  as  large  as  the  primary.  The 
margin  of  the  orbit  and  rostrum  is  minutely  notched.  The  tubercles  on 
the  chela  are  rounded. 

In  the  succeeding  stage,  10*75  mm.  (fig.  98),  a  condition  closely  ap- 
proaching the  adult  is  to  be  noted.  The  notched  edge  of  the  lateral  lobes 
of  the  orbit  and  rostrum  is  still  more  prominent  than  in  the  adult.  The 
tuberculated  chela  is  very  noticeable.  A  distinction  in  size  between  the 
primary  and  secondary  lobes  is  still  to  be  seen.  The  edge  of  the  carapace 
shows  a  triple  row  of  tubercles.     The  dorsum  also  is  tuberculated. 

The  sixth  cast,  14*5  mm.  (Hg.  76),  is  represented  in  figs.  99  and  97, 
the  former  showing  the  frontal  region.  The  lobes  of  the  edge  of  the  cara- 
pace are  on  the  whole  very  similar  to  the  adult  condition.  The  chela  is 
still  tuberculated,  and  the  triple  row  of  tubercles  which  has  succeeded 
the  notches  is  very  prominent. 

In  the  cast  shell  shown  in  fig.  77  (19 '5  mm.  across)  the  tubercles  are 
prominent  but  smaller. 

They  are  further  reduced  in  the  next  stage,  viz.,  24'5  mm.  (fig.  78), 
and  in  that  immediately  following,  viz.,  30  mm.  (fig.  79),  the  tubercles 
are  practically  reduced  to  the  condition  in  the  adult. 

Fig.  81,  the  last  of  the  series,  was  not  made  from  the  actual  specimen, 
but  is  a  drawing  of  a  crab  of  the  eame  size. 
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Letters  Used. 


A, — antenna. 

a. — basal  bone. 

ab. — abdomen. 

an. — anus. 

ani,  — antennule. 

ar, — arm  of  second  penis. 

h, — basal  bone. 

c. — core.     — caecum,  fig.  38. 

oar.— carapace. 

cAr. — chorion. 

dis, — egg  with  distended  chorion. 

e. — eye. 

e«.  — endopodite. 

eo;.— exopodite. 

/.-—follicle. 

g.p. — ^^enital  papilla. 

i.ch. — inner  chevron  (Istabdom.  seg.). 

t./.- -inner  layer. 

j. — ^joint. 

m. — membrane. 


mu. — muscle. 

o.ch. — outer  chevron  (Ist  abdom.  seg.). 

o.l. — outer  layer. 

lp.-2p. — first  and  second  penes. 

p.— p. — ^plane   of  movement  of  distal 

parts  of  endopodite  of  right  side. 
p\ — p'. — plane  of  movement  of  distal 

parts  of  endopodite  of  left  side. 
p.f — peri  vitelline  fluid, 
r. — rod. 

si. — solid  in  spermatheca. 
s.  e.  — secondary  envelope. 
sp. — sperms. 

sp.w. — wall  of  spermatheca. 
In. — thorax. 
V. — valve,  vulva, 
r.  d. — ixw  deferens . 
v.m. — vitelline  membrane. 
v.w. — wall  of  vagina. 
y^^— yolk. 


EXPLANATION  OF  PLATES. 


Plate  II. 

All  the  drawings  are  of  Cancer  pagurus,  with  the  exception  of  Figs.  27,  28,  and 
29,  which  are  of  Munida  rugosa. 

Figures  1,  3,  5,  11,  12,  18,  21,  23ft,  24,  34,  35,  and  36  were  outlined  by  aid  of 
the  camera  lucida. 


Pig.  1.  £ggs  impaled  by  hair  of  endopodite.     November  30,  1900, 

Fig.  2.  Lobule  of  ovary,  showing  a  few  distended  eggs,  dis.  magnified. 

Fig.  3.  Eggs  in  later  stage  of  attachment  than  Fig.  1. 

Fig.  4.  Transverse  section  of  first  penis  near  base,  magnified. 
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Fig.     5.  Section  of  a  ripe  egg  (in  ovary). 

Fig.  5a.  Envelopes  of  e^,  .  .  .  .  .  .  .      x     57 

Fig.     6.  Hair  of  endopGmte,  magnified. 

Fig.     7.  Part  of  long  nair  of  exopodite,  magnified. 

Fig.     8.  Part  of  short  hair  of  exopodite,  magnified. 

Fig.     9.  Ocular  section  of  hair  of  exopodite,  magnified. 

Fig.  10.  Transverse  section  of  first  penis  at  the  oase,  magnified. 

Fig.  11.  Hair  of  exopodite, .  .  .  .  .  .      x     19 

Fig.  12.  Hair  of  exopodite, .  .  .  .  .  .      x     19 

Fig.  13.  Abflomen,  snowing  relation  of  the  swimmerets. 

Fig.  14.  Side  view  of  the  abdomen,  showing  the  overlapping  of  the 

exopodites. 
Fig.  15.  Abdomen. 

Fig.  16.  Transverse  section  of  median  part  of  first  penis,  magnified. 
Fig.  17.  Ocular  section  of  hair  of  exopodite,  near  its  base. 
Fig.  18a.  Longitudinal  section  of  an  egg  which  had  been  attached  to  a  hair 

of  the  endopodite.    January  11,  1901,  .  .  .     x     57 

Fig.  18&.  Section  of  envelopes  of  18a. 
Fig.  19.  Shows  the  ecgs  retained  in  the  '*  incubatory  chamber,"  formed 

by  the  abdomen. 
Fig.  20a.  Third  swimmeret,  left  side,  posterior  surface. 
Fig.  206.  Third  swimmeret,  left  side,  anterior  surface. 

Fig.  21.  Group  of  eggs  attached  to  a  hair.     January  11,  1901,      .  .      x     5 

Fig.  22.  Tip  of  hair  of  endopodite,  magnified. 
Fig.  23a  &  6.  Tip  of  hair  of  endopodite,  ma^ified. 
Fig.  24.  Tip  of  hair  of  endopodite,  oc.  2,  obj.  2  mm.  O.I. 
Fig.  25.  Transverse  section  of  the  first  penis,  close  to  tip,  magnified. 
Fig.  26.  (^roup  of  hairs  of  endopodite  bearing  eggs,  magnifiedT 
Fig.  27.  Tip  of  hair  of  endopodite  of  Munida  rugosa^  magnified. 
Fig.  28.  Egg  of  Munida  rugcma^  attached  to  hairs  of  endopodite,  x      19 

Fig.  29.  Attachment  of  egg-stalk  to  hairs  of  endopodite  {Munida  rugosa), 

magnified. 
Fig.  30.  Ocular  section  of  the  base  of  hair  of  endopodite,  magnified. 
Fig.  31.  Tip  of  hair  of  endopodite,  magnified. 
Fig.  32.  Ocular  section  of  hair  of  endopodite,  magnified. 
Fig.  33.  Tip  of  hair  of  endopodite,  magnified. 

Fig.  34.  Section  of  dropsical  ovarian  egg  with  large  perivitelline  space. 
Fi^.  35.  Hair  of  exopodite, .  .  .  .  .  .  .      x      19 

Fig.  36.  Hair  of  exopodite, .  .  .  .  .  .      x     19 

Plate  III. 

■ 

The  drawings,  except  where  otherwise  stated,  belong  to  Canctr  pagurtu. 
Figures  56,  57,  58,  and  64  were  outlined  by  means  of  the  camera  lucida. 

Fig.  37.  First  penis,  posterior  view. 

Fig.  38.  Longitudinal  section  of  mouth  of  the  spermatheca  of  a  hard 

crab,  6f  f  inches,  showing  three-layei^  wall  of  vagina  and 

spermatheca. 
Fig.  39.  Fourth  and  fifth  pereiopods,  with  genital  papilla  on  coxopodite 

of  the  latter  :  fifth  pereiopod  posterior  in  position. 
Fig.  41.  Fourth    and    fifth    pereiopoos,    with    genital    papilla:    fifth 

pereiopod  anterior  in  position. 
Fig.  42.  Outer  surface  of  tip  of  exopodite  of  third  swimmeret,  left  side, 

magnified. 
Fig.  43.  Slough^*ofif  outer   skin    of    hair,   with    empty   egg-capeules 

attached,  magiiified. 
Fig.  44.  Abdomen,  with  first  and  second  penes  in  one  position. 
Fig.  45.  Abdomen,  with  first  and  second  penes  in  second  position. 
Fig.  46.  Muscles  of  second  penis,  magnified. 
Fig.  47.  Genital  papilla,  magnified. 
Fig.  48.  Muscles  of  first  penis,  magnified. 

Fig.  49.  Sjpermatheca  of  soft  crab,  6|  inches  across.   December  Ist,  1899.  pi.  Plug. 
Fig.  50.  Tip  of  endopodite,  inner  surface,  magnified. 
Fig.  51.  Tip  of  exopodite,  inner  surface,  magnified. 
Fig.  52.  Muscles  of  abdomen,  view  from  median  line. 
Fig.  53.  Second  penis,  anterior  view. 
Fig.  54.  Second  penis,  posterior  view. 

Fig.  55.  Diagram  of  relation  of  penis  to  the  spermatheca  and  the  plug,    fl.  Fluid. 
Fig.  55a.  Coxopodite  of  fifth  pereiopod,  showing  the  perforation  for  the 

issue  of  the  vaa  d^ereiu. 
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Fig.  56.  Egg  of  Homarua  vtUga^^t  showing  throo  attachments,    .  .      x     10 

Fig.  57.  Egg  of  Homarus  vtUgaris,  showing  three  attAchments. 

Fig.  58.  Tip  of  hair  of  endopodite  of  Homarus  vulgaris. 

Fig.  59.  Dissection  of  first  penis,  magnified. 

Fig.  60.  Longitudinal  section  of  first  penis,  semi-diagrammatic,  to  show 

the  relationship  of  first  and  second  penes  and  the  genital 

papilla,  magnified. 
Fig.  61.  Longitudinal  section  of  second  penis,  to  show  muscles  seen  from 

median  line. 
Fig.  62.  Tip  of  endopodite,  posterior  surface,  magnified.    The  hairs  ought 

in  proportion   to   be  larger  (viz.,  about  one- third  longer) 

than  they  are  here  represented. 
Fig.  63.  Plan  of  a  row  of  hairs  of  endopodite,  magnified. 

Fig.  64.  Hair  of  endopodite  of  Nephrapa  norvegictis^         .  .      x     48 

Fig.  65.  First  and  second  penes,  lateral  (external)  view. 
Fig.  66.  Muscles  of  second  penis. 

Fig.  67.  Spermatheca  of  hard  crab,  6f  inches.     December  1st,  1899. 
Fig.  68.  Second  penis,  lateral  (external)  view. 
Fig.  69.  First  penis,  lateral  (external)  view,  shows  relationship  of  genital 

papilla. 
Fig.  70.  External  (attached)  egg  of  CarctntMTmpTtcw.  December  2l8t,  1897. 

Plate  IV. 
Figs.  94,  95,  and  96  were  outlined  by  means  of  the  camera  lucida. 

Figs.  71-81.  Successive  casts  of  a  Canctr  pagurus,  Nos.  2-12  inclusive, 
viz.,  A,  Table  VI.     Natural  size. 

Figs.  82-93.  Successive  casts  of  a  Carcinns  maiias,  viz..  No.  1  in 
Table  I.  in  "  On  the  Larval  and  E^rly  Young  Stages,  and 
Rate  of  Growth,  of  Carcinus  mamas."  Tioenty-Jirst  Annual 
R^nyrt  of  the  Fishery  Board  for  Scotland^  Pt.  III.,  p.  166. 

Fig.  94.  Egg  of  Cancer  pagurus  taken  from  the  vagina  of  a  spawning 

female  by  means  of  a  pipette,  30/11/00,         .  .  .     x     57 

Fig.  95.  Egg  iust  extruded, .  .  .  .  .  .  .      x     57 

Fig.  96.  Egg  found  on  bottom  of  tank  beside  a  spawning  Cancer  pagurus,     x     57 

Plate  V. 

The  figures  in  this  plate,  with  the  exception  of  Fig.  100,  were  outlined  by  means 

of  the  camera  lucida. 

Fig.    97.  Edffe  of  carapace  of  the  cast  represented  in  Fig.  75,      .  .     x     19 

Fig.    98.  Hau  of  carapace  do.  do.  74,      .  .     x     19 

Fig.    99.  Frontal  region  do.  do.  75,      .  .      x     19 

Fig.  100.  Cast  chela  of  a  Cancer  pa^irus  to  show  the  absorption  lines 

(ahs.)  on  fthe  coxopodite,  basi-ischiopodite,  and  meropodite 

joints.     Natural  size. 
Fig.  101.  Half  of  carapace  of  the  cast  represented  in  Fig.  72,       .  .     x     19 

Fig.  102.  Do.  do.  da  73,       .  .     x     19 

Fig.  103.  Enlarged  drawing  of  cast  shell  represented  in  Fig.  71 1  carapace,     x     19 
Fig.  104.  Joint  on  second  penis,  Cancer  pagurus. 
Fig.  105.  Tip  of  second  penis,  do. 

N.B. — The  **  arrows"  which  accompany  certain  of  the  figures  serve  to  indicate 
the  antero-posterior  median  line ;  the  point  of  the  arrow  is  directed  anteriorly. 
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III.— THE  RATE  OF  GROWTH  OF  FISHES.     By  Dr.  T.  Wkmyss 
Fulton,  F.R.S.E.,  Saperintendetit  of  Scientific  Investigations. 

(Plates  VI.-XII.) 
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1.  Introduction. 

The  present  paper  contains  the  results  of  further  observations  I  have 
made  on  the  rate  of  growth  of  fishes,  and  is  a  continuation  of  the  investi- 
gation on  this  subject  as  dealt  with  in  some  of  the  preceding  Reports  of 
the  Fishery  Board.  In  that  for  1901  I  described  fully  the  methods 
adopted,*  the  collections  being  obtained  by  the  use  of  a  fine-meshed  net 
^ound  the  cod-end  of  the  otter  trawl,  on  the  occasions  when  steam- 
trawlers  were  employed  in  the  trawling  investigations  in  the  Moray 
Firth  and  Aberdeen  Bay.  It  need  only  be  mentioned  here  that  the 
fishes  are  measured  in  millimetres,  the  measurements  tabulated,  and 
curves  formed  on  the  measurements  as  grouped  into  1cm.  or  *5cm. 
groups.  It  may  be  stated  that  the  method  of  collection  with  a  small- 
meshed  net  in  the  way  described  has  now  been  adopted  in  some  other 
countries  as  well  as  on  the  *'  Goldseeker,''  the  vessel  employed  in  the 
Scottish  part  of  the  international  investigations  of  the  North  Sea. 

In  addition  to  the  measurements  of  numerous  fishes,  only  part  of  which 
are  worked  up  in  this  paper,  viz.  those  dealing  with  the  sprat,  the  witch, 
the  Norway  pout,  and  the  sharp-tailed  LumpemLS,  observations  were  also 
made  on  a  large  scale  with  the  view  of  determining  the  relation  between 
the  weight  and  the  length  of  a  considerable  number  of  species,  and  these 
are  detailed  below.  I  have  found  that  the  law  which  governs  the  relation 
between  the  weight  and  dimensions  of  similarly-shaped  bodies  does  not 
apply  with  precision  to  fishes.  They  increase  in  weight  more  than  the 
increase  in  length  would,  according  to  the  law,  imply,  and  since  the  number 
of  fishes  in  which  the  relation  between  the  length  and  weight  has  been 
determined  was  large,  viz.  5675,  belonging  to  nineteen  species,  and  in  no 
case  has  the  law  been  found  to  apply  exactly,  it  appears  to  be  well-established 
that  on  the  assumption  that  the  specific  gravity  of  the  fishes  does  not 
change  during  growth  they  must  increase  in  some  other  of  their  dimensions, 
whether  breadth  or  thickness,  in  greater  proportion  than  they  increase  in 
length. 

*  TwerUidk  Ann,  Rep.^  Pt.  III.,  p.  826. 


^ 


142  Pari  III. — Tiffeniy-second  Annual  Report 

I  have  likewise  carried  on  a  number  of  experiments  in  order  to  ascertain 
the  relation  which  exists  between  the  growth  of  fishes  and  the  temperature 
of  the  water  in  which  they  live.  It  is  well  known  from  previous  observa- 
tions that  in  the  winter  season  the  growth  of  fishes,  at  least  in  the  inshore 
waters,  is  slower  than  it  is  in  summer;  in  the  case  of  those  living 
in  shallow  water,  subjected  to  the  changes  in  the  temperature  of  the  air, 
and  where  the  extremes  of  heat  and  cold  are  at  their  maximum,  growth 
may  be  entirely  arrested  in  winter.  In  the  Annual  Report  of  the  Board 
above  referred  to  I  gave  particulars  on  this  point  with  regard  to  the  young 
plaice  living  on  the  beaches,  and  exhibited  a  curve  in  which  the  relation 
between  the  temperature  of  the  water  and  the  degree  of  growth  of  the 
plaice  was  established. 

The  experiments,  which  are  described  in  detail  below,  consisted  in 
keeping  fishes  of  various  species  in  tanks  in  which  the  water  was  arti- 
ficially heated,  and  the  result  on  the  growth  of  the  fish  was  very  marked, 
those  in  the  water  of  a  high  temperature  growing  much  faster  than 
those  in  the  water  at  lower  temperature.  It  was,  moreover,  shown,  as 
might  have  been  anticipated,  that  the  fishes  in  the  warmer  water  ate  much 
more  food  than  those  in  the  colder  water,  the  digestive  ferments  being 
more  active  at  the  higher  temperatures,  and  the  fish  being  thus  able  to 
digest  a  larger  quantity  of  food  in  a  given  time.  It  was  found  that  the 
appetite  of  the  fishes  was  in  relation  to  the  power  of  digestion,  that  is  to 
the  temperature  of  the  water,  those  in  very  cold  water  scarcely  eating 
at  all,  although  abundantly  supplied  with  food.  In  the  same  way,  the 
metabolism  in  the  tissues  was  more  rapid,  and  nutrition  and  growth  much 
accelerated. 

Certain  differences  were  found  to  exist  in  different  species,  which  are 
referred  to  below. 


2.  Thb  Relation  of  Length  to  Weight. 

In  dealing  with  the  rate  of  growth  of  fishes  it  is  customary  to  take  one 
of  the  dimensions  of  the  fish  and  compare  the  variations  of  this 
dimension  at  different  periods  or  in  different  collections.  In  some  cases, 
as  with  the  rays,  it  is  more  convenient  to  take  the  breadth  across  the 
pectorals  than  the  length.  The  selection  of  one  dimension  for  com- 
parative measurement  is  very  convenient,  and  it  is  accurate  on  the 
assumption  that  the  fish  grows  equally  in  all  directions,  increasing  in 
breadth  and  thickness  in  the  same  ratio  as  it  does  in  length.  It  is 
obvious,  however,  that  the  true  criterion  of  growth  is  the  increase  in  the 
mass  of  the  fish,  and  this  can  be  determined  either  by  the  variation  in 
the  volume  or  in  the  weight. 

The  determination  of  the  variation  in  volume  is  a  somewhat  slow 
process,  and  the  methods  are  subject  to  dif&culties  in  practice.  With 
small  fishes  a  burette  may  be  used  with  accurate  results ;  with  those 
of  large  size  the  quantity  of  water  displaced  by  the  fish  was  measured 
separately  in  a  burette,  the  fish  itself  being  placed  in  a  convenient 
vessel.  In  the  case  of  fishes  of  moderate  dimensions  the  method  used 
was  to  place  them  in  a  vessel  provided  with  a  syphon  to  draw  off  the 
amount  of  water  displaced,  which  was  then  measured  in  a  burette ;  the 
bore  of  the  syphon  being  so  adapted  as  to  always  remain  full  of  fluid. 
As  a  rule  this  mode  of  determining  the  increase  in  bulk  was  found  to  be 
less  satisfactory  than  the  method  of  weighing  the  fish,  and  this  was  the 
method  chiefly  employed. 

According  to  the  well-known  law,  that  the  volume  of  similarly-shaped 
bodies  of  the  same  specific  gravity  vary  directly  as  the  cube  of  corre- 
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spending  dimensions — a  law  which  was  brought  prominently  forward  by 
Herbert  Spencer  in  bis  "  Principles  of  Biology  '' — a  fish  which  has  doubled 
its  length  should  have  increased  its  weight  eight  times.  This  law  is  a 
▼ery  convenient  one  in  considering  the  rate  of  growth  of  fishes,  all  that 
is  required,  if  the  law  holds  true  throughout,  being  to  determine  the 
relation  between  the  weight  and  one  of  the  dimensions  at  a  particular 
size  and  then  calculate  the  ratio  between  that  dimension  and  the  weight 
at  different  sizes.  The  truth  of  the  law  has  not,  however,  been  proved 
experimentally  in  the  cose  of  fishes,  as  far  as  I  am  aware,  and  it  was 
decided  to  actually  measure  and  weigh  a  large  number  of  fishes  of 
different  sizes,  and  to  construct  curves  in  order  to  bring  out  the  relation 
between  the  length  and  the  weight  at  different  sizes.  In  the  Twentieth 
Annual  Report  of  the  Fishery  Board*  I  described  the  method  of 
presentation  I  had  adopted,  the  abscissu^  in  the  diagrams  representing 
length  and  the  ordinates  weight;  and  I  pointed  out  that  the  curves 
varied  for  different  species,  and  that  they  did  not  everywhere  agree  with 
the  rule  as  to  similarly-shaped  bodies  above  referred  to. 

Since  then  many  more  fishes  and  observations  have  been  added  to  my 
lists,  and  I  propose  to  discuss  some  of  the  results  now. 

In  all  cases,  unless  where  otherwise  stated,  the  observations  have  been 
made  at  different*times  of  the  year,  and  on  fish  from  different  localities. 
This  method  will  give  a  better  result  as  to  the  relations  between  length 
for  the  species  generally,  although  it. is  probable  tha|i  the  ratio  varies 
somewhat  at  different  places  and  at  certain  times  of  the  year — at  all 
events  in  fish  which  have  reached  adult  size.  This  is  referred  to  at 
greater  length  below. 

In  the  observations  made  on  this  subject  each  fish  was  individually 
measured  in  millimetres  and  then  weighed  in  grammes,  and  the  method 
adopted  in  presenting  the  results  was  to  collect  the  records  of  weight  to 
the  nearest  '5  centimetre,  and  take  the  mean  of  the  lot.  Thus  the 
number  of  observations  under  each  '5cm.  are  often  unequal  in  amount ; 
but  it  was  found,  on  testing  the  method,  that  this  system  gave  practically 
the  same  result  as  when  the  calculations  were  made  for  the  observations 
under  each  millimetre  measuremefit — a  very  laborious  process. 

The  mean  weight  under  a  given  *5cm.  was  then  tabulated,  as  well  as 
the  number  of  fishes  at  that  size  and  the  greatest  and  lowest  weight 
among  them,  and  this  information  for  the  various  fishes  dealt  with  is 
given  in  a  series  of  tables  appended  (p.  205),  while  the  average  weight  is 
represented  in  the  series  of  diagrams  (Pis.  YI,  YIl).  In  constructing  these 
curves  the  average  weight  of  the  fishes  at  a  particular  length  was  not 
itself  taken,  the  series  of  averages  being  arithmetically  smoothed,  by 
taking  the  mean  of  the  averages  immediately  before  and  after;  as  a 
rule  only  the  one  preceding  and  the  one  following  was  combined  with  the 
average  being  smoothed,  but  in  some  cases  where  the  number  of 
observations  was  small  a  number  of  the  preceding  and  succeeding 
averages  were  combined  also  and  the  mean  taken. 

The  fishes  in  which  the  relation  between  the  length  and  weight  at  different 
sizes  were  determined  were  the  following  : — Plaice,  common  dab,  lemon 
dab,  long  rough  dab,  witch,  brill,  cod,  haddock,  whiting,  herring,  sprat, 
Norway  pout,  and  partly  also  the  turbot,  little  sole,  gurnard,  halibut, 
flounder,  armed  bullhead,  and  Lumpenvs, 

It  will  be  seen  from  the  tables  and  the  curves  of  these  fishes  how  very 
greatly  the  weight  for  a  given  length  differs  in  different  species,  and  thus 
how  very  different  is  the  increment  of  growth  for  a  given  increase  in  the 
length.     Among  the  food-fishes  examined  by  far  the  heaviest  in  proportion 

♦  Page  834, 1902. 


144  Part  III. — Tweniysecovd  Anmud  Eeport 

to  its  length  is  tbe  turbot,  and  after  it  comei  the  brill ;  at  the  opposite 
extreme  is  the  witch,  which  is  the  lightest  of  all : — 


Among  the  other  flat-fishea  the  lemon  sole  comes  after  the  brill,  then 
the  plaice,  common  dab,  flounder,  and  long  rongh  dab,  but  several  of 
them  are  very  close  together.  Among  the  round-fishes  the  cod  is  the 
heaviest  in  proportion  to  its  length,  with  the  haddock  next,  and  then  the 
whiting.  The  sprat  is,  in  proportion  to  its  length,  heavier  than  the 
herring,  which  shows  much  the  same  ratio  ae  the  long  rough  dab.  It  is 
noteworthy  that  the  extremes  in  regard  to  tbe  length-weight  ratio  should 
be  exhibited  among  the  flat-fishes. 

It  wiU  also  be  noticed  that  the  variation  in  weight  at  a  given  size  in 
the  same  epeciee  increases  very  much  as  the  fish  grows  in  length,  so  that 
at  the  larger  sizes,  of  the  cod  or  turbot  for  example,  the  variatiou  in  this 
respect  is  most  pronounced.  For  this  reason  the  terminal  parts  of  the 
curves  are  leas  satisfactory  than  the  lower  parta,  ss  may  be  seen  in  the 
diagrams,  and  it  would  probably  require  a  very  extensive  series  of 
observations  un  these  larger  forms  to  give  the  relation  between  the  length 
and  the  weight  with  high  precision.  Nevertheless,  I  think  the  curves 
given  will  be  found  useful  in  dealing  with  many  questions  conuected 
with  the  fisheries. 

The  number  of  the  various  species  which  have  been  measured  and 
weighed  for  the  purpose  of  this  research  are  ss  follows : — 


Cod,         -        - 

471 

Little  sole, 

54 

Haddock, 

844 

Turbot,      - 

29 

Whiting, 

607 

Brill, 

100 

Norway  pout,  • 

218 

Flounder,  - 

48 

Plaice,      - 

913 

Halibut,    - 

38 

Lemon  dab, 

165 

Herring,   - 

482 

Common  dab,  - 

541 

Sprat, 

339 

Long  rough  dab. 

335 

Gurnard,  - 

63 

Witch,     -         - 

426 

Armod  bullhead, 

59 

43 

—the  total  being  6675  fishes. 
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An  examination  of  the  tables  and  curves  shows  that  the  law  in  regard 
to  the  increase  in  weight  according  to  the  cube  of  the  length,  although 
broadly  true,  does  not  accurately  apply  in  the  case  of  the  fishes  examined. 
With  scarcely  an  exception,  the  weight  at  a  given  length  is  greater  than 
the  weight  calculated  from  the  law,  so  that  if  the  speciSc  gravity  of  the 
fishes  remains  constant  they  must  increase  somewhat  more  in  other 
dimensions  than  in  length. 

In  the  case  of  the  haddock,  the  plaice,  and  the  sprat,  I  have  calculated 
out  the  weights  at  the  various  sizes  on  the  assumption  that  the  law 
referred  to  held  true  during  the  growth  of  the  fish,  and  these  are  given  in 
the  Table  on  pages  240,  241.  It  will  be  seen,  by  comparing  them  with 
the  weights  actually  observed,  that  the  latter  exceed  the  former  in  all 
cases  as  stated.  The  datum  for  the  calculation  in  each  instance  was  the 
smoothed  average  for  the  smallest  sizes  of  which  the  relative  numbers 
were  large.  The  salient  features  in  this  comparison  may  be  given  here 
as  follows,  the  weights  being  in  grammes  : — 


Cm. 

Plaicb. 

Haddock. 

OlMerred  Woight. 

Calculated  Weight. 

Obeerred  Weight. 

CalcnUted  Weight. 

1 

•009 

•008 

8 

_ 

•262 

— 

•218 

5 

1-17 

1-167 

— 

•984 

8 

4-78 

4-78 

_ 

4-08 

10 

9-62 

9-34 

7-8 

7-87 

15 

34 

81-61 

28-8 

26-56 

20 

77-10 

74-70 

65-7 

62-97 

25 

161 

146-90 

140-2 

122-97 

80 

299-10 

252-10 

248-3 

212-60 

85 

484-6 

406-45 

881 

887-44 

40 

707-9 

597-60 

591-6 

508-78 

45 

1,026 

850-84 

8282 

717-19 

50 

1,429 

1,167-20 

1,117 

983-80 

55 

1,820 

1,653-44 

1,440 

1,309-47 

60 

2,871 

2,016-79 

,1.916 

1,700 

65 

3,331 
[8,908] 

2,56417 

3,214 

2,162-14 

70 

8,251-59 

, 

2,699-62 

The  figures  in  brockets  represent  individual  fishes  at  or  Tory  near  the  dimension  stated. 

The  comparison  in  the  case  of  the  sprat  was  as  follows : — 


l^ntimetrep. 

Olworyed  Weight 

Calculated  Weight. 

1 

•005 

2 

•043 

3 

•149 

4 

-— 

•343 

5 

•67 

•670 

•    6 

M7 

1-190 

7 

2-02 

r838 

8 

3-05 

2-744 

9 

4-63 

4015 

10 

6-71 

5-36 

11 

9-48 

713 

12 

12-46 

952 

12  5 

14-34 

—— 

13 

[16-4] 

11-78 

U 

14-71 

146 


Part  III. — Tioentj/'Second  AnmuU  Report 


A  simple  methoi  of  determining  the  relationship,  without  calculating 
out  the  ratio  at  all  lengths,  is  to  compare  the  weights  at  twice  the  size  ; 
according  to  the  law  the  weight  should  he  eight  times  greater.  This  has 
been  done  in  all  the  possible  cases  throughout  the  tables,  and,  with  a  few 
exceptions  in  individual  instances  where  the  numbers  were  usually  small, 
it  has  been  found  that  the  weight  at  twice  the  size  is  greater,  and  some- 
times very  considerably  greater,  than  the  law  implies. 

Thus,  among  plaice  of  which  a  lirge  number  were  weighed  (913)  there 
is  no  exception  to  the  statement  made,  from  4'5cm.  on  to  35-70oni. 
In  all  cases  the  weight  calculated  in  this  manner  is  less  than  the  weight 
actually  observed,  and  the  excess  over  what  is  required  by  the  law  is  in 
some  cases  considerable.     The  following  examples  may  be  given : — 


Observed  Weight 

Weight  in 

[  Grammes. 

Cm. 

(Smoothed). 
Grammes. 

Cm. 

Gxcess 

Calculated. 

Observed. 

5 

M7 

10 

9*36 

9-62 

•26 

8 

4-78 

16 

38-24 

41 

2-78 

10 

9*62 

20 

76-96 

77-10 

-14 

12 

17-85 

24 

138-8 

140-6 

1-8 

15 

34 

30 

272 

299-1 

27  1 

18 

57-79 

36 

462-2 

527 

64-8 

20 

77-1 

40 

616-8 

707-9 

911 

22 

112-8 

44 

902-4 

954 

61-6 

25 

161 

50 

1,288 

1,404 

116 

27 

207 

54 

1,656 

1,802 
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30 

299-1 

60 

2,392-8 

2,468 

75-2 

Throughout  the  tables  of  measurements  for  haddocks  also  the  weight 
thus  calculated  is  always  under  the  weight  observed,  except  in  a  few 
cases  among  the  largest  fishes.  Whether  this  is  due  to  the  fact  that  the 
number  of  the  fishes  at  the  larger  sizes  is  too  small  to  show  the  true 
relation,  or  the  difference  is  a  real  difference  with  age,  cannot  at  present 
be  decided.  I  give  the  selected  examples  for  haddocks  in  the  accompany- 
ing Table,  with  all  the  cases  where  the  calculated  weight  is  greater  than 
the  observed  weight : — 


Cm. 

Observed  Weight 

(Smoothed). 

Grammes. 

Cm. 

Weight  in 

GUAMMRR. 

DifTorATipo 

Calculated. 

Observed. 

1 
1 

10 

7-93 

20 

60-4 

65-7 

+  5-3 

12 

13-6 

24 

108-8 

118-3 

+9-5            , 

15 

28  3 

30 

226-4 

243-3 

+  16-9 

18 

48-3 

36 

386-4 

425-2 

+  3S8            i 

20 

65-7 

40 

535-6 

691-6 

+  56-0 

22 

91-4 

44 

731-6 

777-6 

+  46 

25 

140-2 

50 

1,121-6 

1,171 

+  49-4 

26-5 

165-6 

53 

1,324-8 

1,379 

+  54-4            1 

9^-5 

205-5 

57 

1,645-0 

1,635 

-10 

31 

271-7 

62 

2,173-6 

2,110 

-63-6 

37 

465-9 

74 

3,727 

3,691 

-36 
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Among  commou  dabs  the  observed  weights  are  always  in  excess  also, 
with  one  exception,  where  the  calculated  weight  for  a  fish  of  12cm.  is 
14*80  and  the  weight  obierved  was  14'7  grammes.  The  difference  in  the 
smaller  forms  here  is  not  so  great  as  in  those  of  moderate  size.  At  6cm. 
the  calculated  weight  was  1*36  grammes  and  the  observed  weight  1*85  ; 
at  10cm.  the  calculated  weight  was  7*76  and  the  actual  weight 
12*31 ;  at  8cm.  the  calculated  weight  was  32*96  and  the  weight  observed 
34*3  grammes ;  at  20cm.  the  calculated  weight  was  69*76  and  the  actual 
weight  74*7 ;  at  24cm.  the  calculated  weight  was  117*6  and  the  weight 
observed  142*3;  at  30cm.  the  calculated  weight  was  224*8  and  the 
actual  weight  296*4 ;  at  36cm.  the  calculated  weight  was  403*2  and 
the  weight  observed  487  grammes. 

It  was  the  same  with  the  lemon  dab,  no  exception  being  found.  The 
calculated  weight  at  15cm.  was  26*8  and  the  real  weight  32*3;  at  31cnL 
the  former  was  2888  and  the  observed  weight  was  354  grammes ; 
at  36cm.  the  respective  weights  were  436*8  and  595  grammes,  and  at  40cm. 
they  were  respectively  714*4  and  788  grammes.  With  the  Norway 
pout,  the  herring,  the  sprat,  the  long  rough  dab,  the  cod,  the  witch,  and 
the  whiting  the  same  method  shows  the  same  general  result,  an  excess  of 
weight  over  that  to  be  deduced  from  the  law.  1  append  here  some  of 
the  figures  where  this  appears  : — 


Table. 
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Cm 

Cod. 

Whiting. 

Witch. 

'""C"*^'      Herring. 

Sprat. 

8 

I. 

II. 

I. 

TI. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

— 

.^ 

— 

^— 

1-55 

\    1-46 

2-6^ 

\     2-6{ 

\    — 

— 

— 

-_ 

9 

— 

— 

— 

— 

— 

— 

4  0 

3-9 

— 

— 

4-0 

4-6 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

5-36 

671 

11 

— 

— 

— 

— 

— 

— 

7  76 

\     7-8fi 

— 

— 

7-04 

9-48 

12 

— 

— 

12 

12-4 

— 

— 

10-4 

10-5 

— 

— 

9-36 

12-46 

13 

— 

— 

— 

— 

7-6 

9-9 

12-2 

13-3 

— 

— 

— 

— 

14 

— 

— 

— 

— 

9-1 

117 

15-4 

16-5 

— 

— 

— 

— 

15 

— 

— 

27-2 

23-8 

10-5 

14 

18-5 

21-6 

— 

— 

— 

— 

Id 

— 

— 

— 

— 

117 

16-9 

21-4 

27-2 

23-8 

29-1 

— 

— 

17 

40 

45-4 

34-4 

35-?. 

12-8 

20 

28-4 

82-4 

29 

34-1 

— 

— 

18 

46-2 

54 

40-8 

41-3 

— 

— 

31-2 

40-4 

34-2 

40-3 

— 

— 

20 

63-4 

71-1 

56-8 

54-2 

— 

— 

45-6 

68-5 

47-2 

55-1 

— 

— 

24 

120 

1231 

99-2 

102-4 

— 

— 

84 

122 

84-8 

106-1 

— 

— 

25 

138-4 

146-5 

112-8 

118 

67-2 

86-1 

— 

— 

96-8 

119-8 

— 

— 

28 

196-8 

210-7 

154-4 

178-1 

— 

— 

— 

— 

141-6 

174 

— 

— 

30 

245-6 

271-8 

190-4 

210-6 

112-6 

170-4 

— 

— 

187-2 

219-5 

— 

— 

35 

394-4 

420 

305-6 

332 

— 

— - 

— 

— 

— 

— 

— 

— 

40 

568-8 

614-3 

433-6 

513 

283 

458 

— 

— 

— 

— 

— 

— 

45 

828 

907 

— 

— 

— 

» 

— 

— 

— 

— 

— 

— 

48 

985 

1,013 

819 

984 

589 

791 

— 

— 

— 

— 

— 

— 

50 

1,172 

1,139 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

55 

1,588 

1,608 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

60 

2,174 

2,057 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

70 

3,360 

3,380 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

75 

3,948 

4,000 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

94 

7,888 

9,144 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

100 

9,112     ] 

10,194 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

108   1 

11,728     ] 

12,239 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Among  the  exceptions  to  the  statement  that  the  rule  does  not  apply 
the  most  common  are  to  be  found  amoug  the  small  and  young  forms  and 
in  the  whiting.  In  many  cases  the  weight  of  the  smallest  individuals 
whose  weight  may  be  calculated  by  the  method  described  is  under  the 
ratio  prescribed  by  the  law,  or  in  conformity  with  it,  and  thus  difters  from 
what  obtains  among  the  larger  individuals.  It  seems  not  improbable 
that  the  explanation  of  this  circumstance  is  that,  in  their  early  stages, 
the  fishes  grow  in  length  in  a  greater  ratio  than  they  grow  in  other 
dimensions.  This  is  specially  observable  among  the  whitings,  witches, 
and  long  rough  dabs,  although  in  the  case  of  the  two  latter,  at  all  events, 
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the  teDdency  is  markedly  in  the  opposite  direction  later  on.  In  many 
cases  in  the  very  largest  fishes  a  few  exceptions  also  occur,  and  this  may 
he  due  to  defective  nutrition  with  age,  or  to  the  fact  that  the  numher  of 
the  fishes  of  large  size  examined  was  much  less  and  not  sufficient  to  bring 
out  the  true  relationship.  It  is  to  be  observed  that  the  statement  that  the 
law  does  not  accurately  apply  is  supported  by  that  part  of  the  tables  and 
curves  where  the  observations  are  most  numerous,  and  which,  as  a  rule, 
includes  those  fishes  which  are  in  adolescence. 

Among  cod  the  greatest  number  of  exceptions  were  found  to  occur. 
The  observed  weight  continued  to  be  greater  than  that  required  by  the  law 
from  17cm.  to  48cm.,  and  then  from  that  point  to  69cm.,  with  one  or  two 
exceptions,  it  was  less.  The  number  of  specimens  of  the  larger  sizes  was, 
however,  comparatively  small,  and  in  the  case  of  the  cod  many  of  these  large 
specimens  were  weighed  in  May,  after  they  had  spawned.  In  most  of  the 
other  cases  it  may  be  said,  although  spawning  and  spent  fish  are  included, 
the  number  of  these  is  small ;  and  the  sudden  loss  of  weight  immediately 
after  spawning  is  marked,  although  it  appears  to  be  rapidly  regained. 

I  am  not  at  present  able  to  offer  any  satisfactory  explanation  of  the 
departure  from  the  law  of  growth  generally  accepted  in  the  case  of  fishes ; 
and  perhaps  it  may  be  said  that  the  application  of  this  law  in  biology  has 
not  yet  been  experimentally  tested  on  a  sufficient  scale  among  many  species 
of  animals.  In  the  growth  of  some  animals  there  is  no  doubt  that  the  ratio 
between  the  dimensions  does  not  continue  constant,  and  that  consequently 
alteration  of  shape  occurs  in  the  course  of  growth.  In  the  case  of  fishes 
the  relation  between  the  length  and  the  weight  is  in  many,  and  probably 
most,  instances  modified  in  connection  with  reproduction  to  a  considerable 
extent,  and  it  may  also  be  altered  by  the  changes  which  take  place  in 
certain  of  the  viscera,  as,  for  example,  in  the  liver,  and  by  the  general 
conditions  of  nutrition  due  to  season  and  other  circumstances.  For 
obvious  reasons,  variations  in  the  quantity  of  food  which  may  be  in  the 
stomach  or  intestine  may  be  neglected.  It  has  to  be  noted,  however,  as 
already  stated,  that  the  fishes  at  periods  before  reproductive  disturbances 
begin  show  a  marked  departure  from  the  law,  and  that  changes  arising 
from  difference  of  season  affect  fishes  at  different  sizes. 

These  tables  and  curves  will  also  be  of  value  in  determining  the 
average  weight  of  specimens  of  different  species  belonging  to  different 
series  or  generations,  and  thus  showing  the  increase  of  mass  from  one 
generation  to  another  as  well  as  the  mean  weight  when  the  reproductive 
period  is  reached  and  the  range  of  variation.  An  example  may  be  here 
given  from  the  plaice  to  show  the  amount  of  growth  which  may  take 
place  from  one  generation  to  another,  and  in  the  following  Table  I  give 
the  particulars  as  based  on  the  measurements  of  over  1800  specimens  in 
a  haul  in  Aberdeen  Bay  in  November :  — 


Series. 

liRNOTH  (Mm.). 

Wkioht  (Grammes). 

Mean 
Increase. 

Range. 

Average. 

Range  of  Mean. 

Average. 

I. 

[35—85 

65] 

2-6 

11. 

91-162 

118-1 

6-9    42 

17 

14-5 

UI. 

164-260 

216-5 

44—181 

106 

89 

IV. 

261-369 

315 

183-676 

343 

237 

V. 

363—442 

400 

620    970 

708 

865 

VI. 

444—479 

460 

990—1.280 

1,092 

384 
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From  this  it  will  be  seen  how  very  greatly  the  weight  and  therefore  the 
amount  of  growth  in  different  members  of  the  same  series  may  vary. 
The  "  range  of  the  mean/'  moreover,  refers  to  the  average  weight  for  the 
longest  and  shortest  fish  in  a  series ;  the  actual  or  possible  variation  in 
weight  is  much  greater,  as  may  be  seen  from  the  Tables  for  the  plaice  on 
p.  205. 

3.  The  Average  Size  at  Maturity. 

With  regard  to  the  size  and  age  at  which  the  males  and  females  of  the 
various  species  of  food-fishes  first  attain  maturity,  a  great  deal  of  infor- 
mation is  still  required.  Isolated  observations  have  been  made  in  a 
considerable  number  of  instances  on  several  species,  sufficient  to  give  an 
approximate  idea  of  the  limit  between  the  mature  and  the  immature,  but, 
as  a  rule,  they  are  not  of  such  a  kind  as  to  enable  the  average-size  as 
well  as  the  extremes  to  be  determined,  and  on  the  hypothesis  that 
reproduction  takes  place  at  a  certain  age  this  average-size  should 
correspoLd  to*  the  average  for  one  or  other  of  the  yearly  groups. 

In  one  or  two  cases  I  have  made  a  number  of  observations  on  the 
subject,  particularly  with  regard  to  the  plaice,  the  haddock,  and  the 
whiting,  a  number  of  these  fishes  being  examined  at  the  spawning  time, 
the  sexes  determined,  the  condition  of  the  reproductive  organs  noted,  and 
the  size  of  the  fish  measured. 

A  number  were  also  examined  at  periods  anterior  to  the  si)awning  time 
and  the  progress  of  the  development  of  the  eggs  observed. 

Thus,  among  twenty-four  whitings  caught  in  the  Moray  Firth  on  the 
14th  November,  comprising  sixteen  females  and  eight  males,  it  was  found 
that  the  former  ranged  in  size  from  242  to  418mm.,  and  in  weight  from 
108  to  517  grammes;  the  weight  of  the  ovary  varying  from  0'2  to  38 
grammes,  and  the  diameter  of  the  eggs  from  •I 89  to  '294mm.  The 
following  are  selected  examples : — 


■ 

Length. 

Weight. 

Weight  of 
Ovaries. 

Diameter  of 
T*argest  Eggs. 

Mrr. 

Gr. 

Gr. 

Mm. 

242 

108 

04 

•189 

248 

110 

10 

•231 

293 

196 

1^7 

*294 

298 

198 

1-5 

•252 

304 

223 

2-1 

•231 

313 

240 

1-8 

•189 

351 

354 

2^8 

•273 

418 

517 

380 

*273 

The  particulars  in  these  examples  show  that  the  whitings,  and  probably 
even  the  smallest,  would  spawn  at  the  next  spawning  season  ;  and  it  will 
be  ob6er>'ed  that  the  size  of  the  eggs  in  some  of  the  smaller  specimens  is 
as  large  as  in  th(»se  of  considerably  greater  size.  In  the  males  the  weight 
of  the  testes  was  also  determined,  and  their  weight  did,  not  always 
correspond  with  the  weight  of  the  fish,  as  the  following  examples 
indicate : — 
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Length. 

Weight. 

Weight  of  Testes. 

Mm. 

Gr. 

Gr. 

293 

205 

08 

322 

281 

11 

335 

277 

0-9 

323 

331 

2^0 

339 

330 

35 

364 

382 

0-8 

All  these  males  would  also  in  all  probability  spawn  at  the  next  setison. 

On  the  27th  December  some  others,  also  taken  in  the  Moray  Firth, 
were  examined,  and  the  following  shows  the  particulars  in  regard  to  some 
of  the  females : — 


Length. 

Weight. 

Weight  of 
Ovai"ies. 

Diameter  of 
Eggs. 

Mm. 

Gr. 

Gr. 

Mm. 

175 

40 

•11 

•063 

227 

81 

0-7 

•231 

254 

107-5 

M 

•189 

260 

113 

35 

•462 

231 

85 

0-8 

•210 

In  the  males  the  testes  were  as  small  relatively  as  in  those  examined 
in  November.  Several  other  whitings  of  smaller  size  were  examined, 
from  159  to  178mm.,  and  in  all  cases  the  ovaries  and  testes  were 
extremely  small,  and  the  eggs  minute,  the  largest  being  about  •06mm. 

On  23rd  January  another  lot  were  examined,  and  it  was  found  that 
both  the  weight  of  the  ovary  and  the  diameter  of  the  largest  egg  had 
considerably  increased,  as  shown  by  the  following  particulars  of  some  of 
the  females : — 


Length. 

Weight. 

Weight  of 
Ovaries. 

Diameter  of 
Eggs. 

Mm. 

Gr. 

Gr. 

Mm. 

266 

136 

41 

•609 

269 

160 

\'S 

•367 

297 

209 

5-8 

•609 

302 

224 

3-9 

•441 

339 

306 

79 

•462 

341 

335 

■ 

11-7 

•63 
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All  these  females  would  obviously  spawn  in  the  ensuing  season ;  aud  it 
is  noteworthy  that  some  of  the  smaller  fishes  had  the  larger  eggs.  The 
weight  of  the  testes  in  the  male  had  also  increased ;  in  specimens  from 
227-232mm.  they  weighed  0'7--0*9  grammes,  and  in  some  from  253-267ram. 
they  weighed  from  1*2  to  3*8  grammes.  From  these  indications  probably 
all  would  spawn  in  the  course  of  the  next  season. 

On  the  1st  April,  that  is  after  the  spawning  season  had  begun,  some 
others  were  examined.  Females  of  182  and  198mm.  had  small  ovaries 
and  unyolked  eggs  which  measured  from  0*6  to  0*8mm.  Others  at  225 
and  227mm.  (8|  inches)  had  eggs  measuring  up  to  *672,  and  at  232  and 
237mm«  the  ovaries  contained  ripe  eggs.  From  the  same  collections  803 
whitings  were  assorted  into  males  and  females,  the  condition  of  the 
reproductive  organs  being  determined ;  the  particulars  are  contained  in 
the  following  Table : — 


Femalb. 

Male. 

Cm. 

Ripe. 

Spent. 

Imm 

lature.  Ripe. 

Spent. 

Immature. 

13 

1 

•  • 

U 

3 

1 

15 

• 

•             •  • 

•  • 

16 

4 

6 

17 

4 

4 

18 

1       1 

3 

19 

1       2 

1 

20 

i 

1      16 

2 

21 

4 

4      33 

4 

22 

18 

• 

58 

2 

23 

33 

3      77 

1 

24 

40 

3      70 

25 

44 

3      65 

26 

40 

1      56 

27 

38 

28 

28 

27 

21 

29 

13 

9 

30 

13 

8 

31 

10 

3 

32 

7 

1 

33 

4 

1 

34 

1 

1 

35 

3 

36 

.  • 

37 

3 

38 

.  . 

39 

1 

40 

•  . 

In  addition  to  these  observations  made  on  board  the  trawlers  employed 
in  the  Moray  Firth,  in  which  the  collections  included  many  whitings  too 
small  to  be  marketable,  the  opportunity  was  taken  to  examine  the  sexual 
condition  of  a  number  of  whitings  as  brought  to  market.  These  do  not 
include  the  very  smallest  which  may  be  mature,  but  they  serve  for 
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comparison,  and  they  show,  moreover,  the  very  small  proportion  of  this 
fish  which  is  brought  to  market  in  the  immature  condition. 


Females. 

Males. 

Cm. 

Ripe. 

Spent. 

Immature. 

Ripe. 

Spent. 

Immature. 

23 

•  • 

•  • 

•  • 

•  • 

•  • 

24 

1 

1 

1 

• 

25 

1 

1 

6 

•  •            • 

26 

3 

1 

3 

27  • 

28 

- 

14 

28 

45 

16 

29 

43 

19 

30 

60 

16 

31 

29 

16 

i 

32 

23 

18 

33 

29 

9 

i 

34 

33 

20 

, . 

35 

38 

11 

36 

24 

37 

22 

38 

29 

• 

39 

16 

i 

•  •     • 

40 

14 

•  • 

41 

12 

1 

42 

3 

43 

8 

44 

4 

45 

1 

46 

2 

From  these  observations  it  appears  that  the  female  whiting  may  attain 
maturity  when  it  is  20cm.,  or  about  8  inches,  in  length,  but  that  the 
average  size  when  reproduction  first  begins  is  approximately  25cm.,  or 
about  10  inches. 

This  conclusion  agrees  with  the  previous  observations  made  by  me  on 
the  rate  of  growth  of  the  whiting  and  the  size  and  age  at  which  maturity 
is  reached.  I  stated  in  the  Twentieth  Annual  Report*  that  the  whiting 
when  two  years  old  had  an  average  size  of  about  9|-  inches,  the  range 
being  from  about  7|  inches  to  12  inches,  and  that  this  was  the  generation 
which  commenced  to  spawn.  The  tables  given  above  show  that  some  of 
the  males  may  begin  to  spawn  at  a  size  less  than  that  at  which  the 
females  spawn,  but  the  difference  is  not  very  great,  and  I  am  disposed  to 
consider  that  the  males  also  do  not  attain  matimty  till  they  are  two 
years  of  age. 

A  series  of  corresponding  observations  were  made  in  regard  to  the 
haddock,  which  serve  to  throw  light  on  the  size  and  age  when  maturity 
18  first  reached.  On  the  31st  October  a  number  were  taken  in  Aberdeen 
Bay,  the  sexes  determined,  and  the  condition  of  the  reproductive  organs 
ascertained.     The  following  shows  the  main  features  among  the  females  — 

*  Part  in.,  |>age  400. 
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Length. 

Weight. 

Weight 
of  Ovaries. 

1 
Size 

of  Eggs. 

Mm. 

Gr. 

Gr. 

Mm. 

245 

116-5 

•3 

•08 

246 

134 

•5 

•08-1 

253 

141 

•2 

•08 

276 

182 

•7 

•2 

341 

412 

2-5 

•315 

356 

496 

31 

•315 

387 

616 

2-7 

•294 

428 

814 

101 

•37-39 

525 

1,600 

140 

•36 

On  12th  November  another  series  of  observations  were  made  on 
haddocks  taken  in  the  Moray  Firth,  and  similar  observations  on 
collections  obtained  in  Aberdeen  Bay  on  24th  December  and  14th 
January,  and  in  the  Moray  Firth  on  21st  January.  The  particulars  in 
some  of  the  cases  arc  appended  : — 


Length. 

Weight 

Weight, 
of  Ovaries. 

Diameter 
of  Eggs. 

Mm. 

Gr. 

Gr. 

Mm. 

November  12 

338 

392 

3-5 

•42 

333 

311 

5-75 

•357 

315 

312 

29 

•399 

317 

347 

39 

•378 

355 

490 

3  0 

•315 

415 

782 

7-8 

•378 

528 

1,345 

13-5 

•378 

December  24 

307 

265 

4-2 

•48 

329 

366 

61 

•42 

341 

365 

53 

•48 

390 

637 

438 

•63 

416 

737 

14^7 

•46 

518 

1,387 

30-3 

•52 

January  14 

272 

178 

04 

•12 

301 

224 

•26 

•14 

313 

254 

12 

•16 

325 

^318 

1-4 

•34 

326 

340 

65 

•57 

348 

367 

7^0 

•44 

381 

467 

22 

•14 

383 

583 

21-5 

•59 

432 

738 

176 

•48 

January  23 

169 

38 

•   • 

•04 

231 

965 

05 

•273 

257 

1315 

0^7 

•12 

271 

158 

06 

•31 

235 

995 

0-9 

•36 

223 

905 

03 

•18 

287 

182 

10 

•315 
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Among  those  taken  on  23rd  January  in  the  Moray  Firth  several  at 
from  146  to  170mm.  which  were  examined  had  the  ovaries  quite  small 
and  immature  ;  some  of  those  of  257mm.  and  thereabout  had  only  clear 
unyolked  eggs  measuring  up  to  '1mm.,  while  others  of  the  same  size,  or 
even  smaller,  had  eggs  considerably  larger,  yolked,  nnd  would,  no  doubt, 
spawn  before  the  close  of  the  spawning  season.  This  difference  is,  1 
think,  to  be  explained  by  difference  in  age,  the  less  matured  individuals, 
although  larger,  being  younger  and  belonging  to  a  later  generation. 

On  the  1st  April,  among  a  number  taken  in  the  Moray  Firth,  quite 
ripe  female^s  were  got  measuring  254mni.  (10  inches)  and  258mm.  and 
weighing  134  and  141  grammes,  or  about  4|  ounces;  others  almost  mature 
measured  256  and  258mm.,  while  some  quite  immature  were  found 
measuring  283nim.,  or  more  than  11  inches.  On  the  23rd  April  a  few 
females  of  263mm.  were  ripe,  and  males  of  255mm.  and  upwards  and 
females  of  258,  273,  296mm.  and  upwards  were  spent. 

In  the  collection  procured  on  1st  April  a  number  of  the  ovaries  were 
examined,  with  the  following  results  : — 


Cm. 


16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
85 
36 
37 
38 
39 
40 
41 


Spawning  or 
netiily  Ripe. 


Spent. 


8 
15 
11 
5 
5 
2 
6 
4 
8 
7 
12 
6 
3 
1 
5 
2 
1 


Immature. 


2 


1 
1 


1 
4 

•    • 

1 
3 

10 

24 

30 

27 

14 

4 

2 

1 

3 


The  collection  was  a  small  one,  and  the  larger  fishes  were  for  the  most 
part  absent.  It  shows,  however,  that  females  as  small  as  24cm.  may  be 
ripe  and  some  as  large  as  29cm.  immature,  the  average  size  at  first 
maturity  in  this  case  being  approximately  30cm.,  or  about  12  inches, 
which  is  rather  under  the  size  brought  out  by  some  other  observations. 
Out  of  a  large  number  examined  on  a  former  occasion  the  smallest  of  the 
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females  obtained  was  12  inches,  and  the  smallest  nearly  mature  10  inches  ; 
and  Holt  from  his  observations  at  Grimsby  placed  the  average  limit 
between  the  mature  and  immature  at  13  inches. 

Some  observations  were  also  made  with  regard  to  the  size  at  which 
maturity  is  reached  in  the  plaice  by  the  examination  of  the  fish  as  landed 
and  also  on  board  as  brought  to  deck.  In  the  latter  case  the  examination 
was  only  towards  the  close  of  the  spawning  season,  when  most  of  the 
fishes  were  spent,  and  the  information  obtained  in  this  way  is  therefore 
of  more  limited  scope. 

On  the  11th  and  16th  February  259  were  examined,  of  which  134 
were  females  and  125  males.  Among  the  former  50  were  spawning, 
or  had  the  ovaries  so  far  developed  that  spawning  could  be  said  to  be 
imminent.  The  largest  immature  female  measured  440mm.,  the  next 
largest  being  436mm.  The  smallest  female  found  to  be  actually  spawning 
was  373mm.,  or  about  14|  inches,  the  next  smallest  being  382mm ;  the 
smallest  nearly  ripe  measured  360,  360,  368,  and  378mm.  The 
difference,  therefore,  between  the  largest  immature  and  the  smallest 
nearly  mature  was  80mm.,  or  3^  inches.  The  numbers  are  not  very  large, 
but  so  far  as  they  go  they  show  that  the  average  size  when  maturity  is 
first  attained  is  about  43  or  44cm.,  that  is,  approximately,  17  inches,  the 
limit  also  found  by  Holt  to  apply  to  the  plaice  from  the  northerly  part  of 
the  North  Sea,  and  confirmed  by  Kyle.* 

With  the  males  the  largest  immature  specimens  measured  370,  367, 
and  366mm.,  and  the  smallest  spawning  males  measured  306,  318,  and 
330mm. ;  the  smallest  nearly  ripe  was  317mm.  and  the  next  322mm. 
The  difference  in  this  case  between  the  smallest  mature  and  the  largest 
immature  amounts  to  64mm.,  or  2^  inches.  Probably  the  examination 
of  a  larger  number  of  specimens  would  enlarge  the  difference  both  for 
the  males  and  females,  but  as  they  stand  they  agree  very  well  with  the 
overlapping  in  length  of  the  respective  series  or  generations. 

*  Eighteenth  Annual  Report  Fitkery  Board  for  Scotland^  Part  III.,  p.  190. 
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Cm. 

Females. 

Males. 

i 
1 

Spent. 

1 

£ 

a 

3      t 

2       ^ 

1      ■ 

.5?               ► 
CO                # 

1 

1 

25 

OD 

• 

1 

• 

1 

a 

6 

27 

• 

»                                 «•                                      < 

a 

• 

28 

«                        fl 

■                                      « 

»                                 «                                      1 

• 

- 

29 

*                        ■ 

•                                 • 

» 

• 

30 

■                        ■ 

1 
t 

)               1 

1 

1 

81 

■                        t 

< 

2          1            1 

2 

3 

S2 
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1          -            ] 

1 

2 

83 

m                                  « 

1( 

)          4            ! 

7 

7 

34 

1- 

1          6            ( 

12 

8 

36 

li 

5-6            « 

10 

36 

3 

! 

J        : 

r       7        5 

9 

4 

87 

1 

I       i 

k          9           2 

11 

38 

2 

I      i( 

)          9            S 

11 

• 

• 

39 

m 

■                                                « 

1 

L          8            S 

10 

* 

40 

• 

2 

i 

I       \ 

3          8            ] 

4 

41 

- 

2 

4 

I       { 

)          4 

4 

42 

2 

3 

i 

)        \ 

2          3 

3 

43 

3 

2 

i 

)        ] 

I          1 

1 

44 

2 

2 

4 

L             1 

I          1 

1 

45 

4 

3 

2            S 

) 

4 

4 

46 

1 

2 

2            { 

} 

. 

- 

47 

1 

1 

t 

i 

I 

1 

1 

• 

48 

1 

2 

5 

\ 

< 

- 

49 

- 

2 

r 

I 

2 

2 

• 

60 

m 

2 

5 

I 

2 

2 

51 

1 

1 

5 

I 

■                     •                        « 

• 

52 

1 

- 

] 

[ 

2 

2 

53 

- 

- 

• 

. 

54 

- 

- 

•                                      a 

. 

55 

- 

1 

] 

[ 

. 

56 

- 

- 

. 

57 

^ 

- 

« 

. 

58 

- 

- 

«                        ■ 

, 

- 

• 
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Of  those  examined  on  the  30th  of  March  towards  the  end  of  the 
Bpawning  time,  two  females  were  still  spawning,  their  sizes  being  43  and 
53cm.  ;  the  number  spent  was  36,  the  smallest  that  was  certainly 
determined  to  have  spawned  being  45cm.  The  number  immature  was 
51,  the  largest  being  46' 5cm.,  but  it  is  possible  it  had  spawned  early  in 
the  season.  Among  the  males,  of  which  65  were  examined,  11  were 
still  spawning,  the  smallest  measuring  38cm.,  or  nearly  15  inches.  Six 
were  taken  to  be  spent,  the  smallest  being  37cm.  and  the  largest  of  those 
immature  was  38cm.  Among  the  spent  females  it  was,  as  a  rule,  easy 
to  determine  their  condition  from  the  fact  that  a  small  quantity  of  ripe 
eggs  was  still  contained  within  the  ovaries,  sometimes  amounting  to  a 
few  teaspoonfuls. 

Some  observations  were  also  made  upon  the  cod,  and  although  they 
were  not  very  extensive,  so  little  has  been  exactly  determined  for  this 
fish  that  they  may  be  given  here.  At  the  end  of  March,  when  I  was  on 
board  a  trawler,  we  hit  upon  a  shoal  of  spawning  cod  in  the  Moray 
Firth,  some  hundreds  being  caught  in  each  haul  of  the  net,  and  very 
few  other  round  fish  were  taken  at  the  same  time.  They  were  actively 
engaged  in  spawning,  the  ripe  eggs  and  the  spermatic  fluid  flowing  from 
them,  and  some  were  spent.  I  was  struck  by  the  fact  that  among  these 
fish  there  were  none  of  a  small  size,  and  the  great  majority  were  cod  of 
the  largest  dimensions  usually  landed,  Among  the  smallest  measured 
were  the  following : — Females  33,  35,  and  35^  inches  ;  males  29^  (quite 
ripe),  33^,  30,  34|,  35  inches.  Among  the  few  codlings  taken  I  found 
one  of  70'5cm.  (27  j  inches)  quite  immature ;  one  at  56'7cm.  (22^ 
inches)  had  an  extremely  small  ovary.  At  Aberdeen  on  18th  April  1 
found  one  measuring  72'6mm.  (28^  inches)  immature,  and  on  the  11th 
February  of  a  number  of  large  codling  examined  after  they  had  been 
landed  I  found  males  measuring  595mm.  and  640mm.  quite  immature ; 
in  the  latter  the  testes  weighed  only  5*3  grammes.  The  largest  female 
Wiis  60'7cm.,  or  about  24  inches,  and  it  was  immature,  the  largest  eggs 
in  the  ovary  measuring  *18mm  in  diameter,  and  showing  faint  deposition 
of  yolk  at  the  periphery. 

From  these  fact«  I  concluded  that  the  size  of  the  cod  when  maturity  is 
first  attained  was  probably  considerably  higher  than  is  generally  supposed, 
but  in  the  Moray  Firth  on  the  very  next  day,  viz.  1st  April,  a  cod  was 
taken  in  32  fathoms  off  Burghead  with  large  and  perfectly  mature  ovaries. 
It  was  65cm.  (25f  inches)  in  length  and  weighed  71bs.  2^oz.,  the  roe 
weighing  432  grammes  (l5^oz.).  This  fish  had  just  begun  to  spawn,  and 
it  was  clearly  of  quite  a  diflerent  class  from  the  great  spawning  shoal 
above  alluded  to,  in  which  the  smallest  spawning  female  measured 
840cm. 

It  may  be  added  that  on  the  12th  November  codling  taken  in  the 
Moray  Firth,  and  measuring  from  535  to  610mm.,  had  small  ovaries, 
weighing  from  3*1  to  6*83  grammes,  the  diameter  of  the  largest  eggs 
being  '147  and  •2mm  ;  while  cod  of  927  and  102*9cm.  had  the  ovaries 
weighing  111*5  and  161.3  grammes  respectively,  the  diameter  of  the 
largest  eggs  being  •22mm.  On  the  other  hand,  a  cod  of  74  ^cm.,  taken 
in  Aberdeen  Bay  on  3Jst  October,  with  ovaries  weighing  56*5  grammes, 
had  eggs  up  to  '50mm. 

The  average  size  fixed  by  Holt  for  the  cod  on  first  attaining  maturity, 
viz.  25  inches,  would  therefore  appear  to  be  by  no  means  too  high  ;  many 
cod,  as  he  points  out,  undoubtedly  reach  a  considerably  larger  size  before 
spawning.  The  smallest  ripe  female  obtained  by  him  measured  26.^ 
inches ;  it  was  thus  somewhat  larger  than  the  small  one  above  recorded 
from  the  Moray  Firth.      He,  however,  obtained  one  which  was  three 
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parts  ripe  and  measured  22J  inches.  On  the  other  hanti,  among  thoFC 
examined  during  the  spawning  season  he  found  females  immature  as 
large  as  36  inches.* 

IV. — The  Influence  of  Temperature  on  the  Growth  of  Fishes. 

In  one  of  my  previous  papers  dealing  with  the  growth  of  fishes  I 
referred  to  the  important  influence  which  the  temperature  of  the  water 
exercises  over  the  rate  of  growth,  and  gave  examples  from  the  observa- 
tions made  on  certain  species^  and  particularly  the  plaice  iu  its  younger 
stages  when  inhabiting  the  sandy  beaches.t  It  was  shown  also  that  the 
haddock  and  whiting  and  other  forms  increase  in  length  much  more 
rapidly  in  summer  than  they  do  in  winter,  but  from  the  want  of  a  series 
of  periodic  observations  on  the  temperature  of  the  deeper  offshore  water 
in  the  various  months  throughout  the  year,  it  is  not  yet  possible  to  bring 
the  observations  on  growth  into  exact  relation  with  the  temperature 
variations  in  the  water. 

It  appeared  to  mo  that  some  results  of  interest  might  be  obtained 
directly  by  keeping  fishes  in  the  winter  in  water  which  was  artificially 
heated,  and  comparing  their  growth  with  other  fishes  kept  under  similar 
conditions  but  in  water  at  the  ordinary  temperatures.  This  has  been 
done  for  over  five  months  with  the  results  described  below. 

Four  different  lots  of  fish  were  kept  in  separate  and  similar  tanks, 
which  may  be  distinguished  as  No.  1,  No.  2,  No.  3,  No.  4.  Each  of 
the  tanks  is  of  concrete  with  the  front  and  back  of  plate  glass,  and  the 
light  from  windows  in  the  tank-house  passes  through  them,  but  not  very 
strongly.  The  tanks  are  of  uniform  dimensions,  measuring  5|  feet  in 
length  by  4  feet  4  inches  from  back  to  front,  and  the  depth  of  water 
during  the  experiments  in  Nos.  2,  3,  and  4  was  25^  inches  ;  the  volume 
of  water  in  each  of  these  tanks  was  therefore  about  315'5  gallons,  or  1433 
litres.  The  other  tank,  No.  1,  owing  to  a  defect  could  not  be  filled  so 
full,  and  in  it  the  depth  of  water  was  15  inches,  the  volume  being  thus 
about  185  5  gallons,  or  842*5  litres.  Tanks  Nos.  1  and  2  were  supplied 
from  the  ordinary  supply  pipe  to  the  tank-house,  the  water  thus  having 
approximately  the  same  temperature  as  the  sea  water  on  the  beach. 
Tanks  Nos.  3  and  4  were  supplied  with  sea  water  from  the  same  pipe, 
but  it  was  first  passed  through  a  heating  arrangement  by  which  its 
temperature  was  raised.  Considerable  difficulty  was  at  first  experienced 
in  raising  the  temperature  of  the  water  iu  these  tanks  sufficiently  high. 
It  was  soon  discovered  that  the  use  of  oil  heaters  was  insufficient,  and  the 
method  adopted  was  to  utilise  an  ordinary  slow-combustion  stove  for  heat- 
ing the  apartment,  upon  the  top  of  which  was  placed  a  common  galvanised 
iron  hot-water  tank,  such  as  are  used  for  supplying  hot  water,  of  forty 
gallons  capacity,  and  around  it  was  placed  an  iron  jacket  with  a  space 
between  in  which  was  enclosed  the  smoke  pipe  from  the  stove.  This 
arrangement  has  answered  very  well  and  with  comparatively  little  atten- 
tion or  extra  cost. 

No  arrangement  was  employed  for  the  mechanical  regulation  of  the 
temperature,  which  varied  considerably  from  time  to  time,  as  shown  in 
the  tables,  falling  generally  during  the  night ;  but  a  little  experience  in 
firing  enabled  the  variation  to  be  to  some  extent  controlled.  The  tem- 
perature was  taken  every  few  hours  daily,  and  the  supply  of  hot  or  cold 
water  regulated  accordingly,  and  maximum  and  minimum  thermometers 
were  also  used  in  order  to  ascertain  the  extreme  nightly  range. 

*Journ.  Mar.  Biol.  Amoc.  III.,  Special  Number  p.  377,  3S0,  Ibid,  III.,  No.  1,  79. 
^TKtntUih  Ann.  Rep.,  Pt.  III.,  pp.  33f>,  342. 
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Inflow. 

Tank  No. 

I. 

Tank  No.  II. 

Miix. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

5-5 

4  2 

6-0 

— 

-^ 

— . 

6'4 

4-6 

5-2 

60 

4-0 

6-3 

6-3 

4-8 

6-6 

6-4 

3-8 

6-0 

60 

3-8 

61 

6-2 

3-8 

61 

6-4 

4-6 

5-5 

5-2 

4-4 

4-8 

6-4 

4*0 

• 

4-4 

6-6 

4*6 

6-0 

61 

30 

50 

6-4 

2-8 

4-1 

5-2 

4-2 

4*4 

6^ 

4-2 

47 

4-3 

3-6 

3-9 

4-6 

8-8 

4*3 

6-8 

8-8 

5-1 

4-8 

3-4 

4-2 

6-2 

3-6 

4*4 

7-4 

5-4 

6-6 

5-8 

4-5 

6-3 

6-8 

6-0 

6-8 

8-4 

5-2 

6-3 

6-2 

6-0 

6-6 

5-8 

5-2 

6-6 

10-8 

5-8 

7-9 

7-8 

6-8 

6-6 

8-8 

6-4 

6-4 

10-6 

7-5 

8-3 

9-4 

6-4 

8-3 

10-4 

7-0 

8*4 

10-8 

7-6 

9-0 

10-2 

8-0 

8-8 

10-0 

7-8 

8-7 

9-2 

8-2 

8-9 

9-4 

8-0 

8*9 

9-2 

8-0 

8*6 

10-6 

9-8 

10-2 

10-4 

9-8 

10-1 

10-2 

9*4 

9*7 

10*4 

9-9 

10-2 

10-6 

9-9 

10-3 

10-4 

9*8 

10-8 

Tank  Na  III. 

Tank  No.  IV. 

Max. 

Min. 

Average  ( 

>f 

Max. 

Min. 

Avera^  of 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

•~ 

— 

— 

^_ 

^— 

16*4 

7*2 

12-6 

9*4 

10-8 

10*6 

7*4 

9*3 

8*3 

9*0 

14*2 

7-4 

12*7 

8-0 

10*9 

11*4 

6*3 

9*3 

7*8 

9-1 

16*4 

7*8 

14-4 

9*7 

12*1 

11-4 

7*2 

9*6 

7-9 

8*9 

17*2 

10-0 

16-4 

11*6 

13*5 

101 

6*0 

8*0 

6-8 

7-6 

21*0 

96 

17-2 

11*2 

13*2 

9*0 

4*4 

8*6 

6*7 

7*0 

19*6 

7-6 

16*8 

9-3 

12*4 

10*2 

3*9 

7*6 

4*8 

6*0 

18*3 

7*8 

16*6 

8*9 

12*0 

8*9 

4*4 

8*0 

61 

71 

18-9 

7-4 

14-5 

9-9 

12*3 

9*5 

4*4 

7*7 

6*3 

6*4 

20*0 

6-8 

14*9 

10*3 

12-9 

14*0 

6*0 

10*8 

7*0 

7*8 

22-8 

9-2 

16*0 

10*7 

18-2 

16*0 

6-7 

11-6 

8*2 

100 

17*8 

10-0 

15*9 

11*8 

13*6 

12*8 

7-0 

11*0 

8*6 

9*7 

16*1 

8*3 

150 

10*6 

12*8 

13*9 

7*0 

11*4 

8*1 

9*5 

18-3 

7  8 

16-2 

9*9 

12-6 

12*8 

8*3 

11-8 

9*5 

10*6 

161 

9-4 

16*2 

10-5 

12*5 

16*6 

10-0 

138 

10*8 

11*9 

16*1 

10-6 

14*9 

117 

131 
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I  have  tabulated  the  temperature  observations  in  the  accompanying 
tables  for  each  of  the  tanks,  and  for  the  supply  as  it  came  to  the 
apartment.  Tanks  Nos.  1  and  2  were  not  supplied  with  hot  water;  Tank 
No.  3  got  a  partial  supply,  and  Tank  No.  4  the  largest  supply,  and  it  is 
this  tank  which  was  looked  to  to  give  the  best  results. 

The  temperature  observations  are  tabulated  in  ten-day  periods  for  the 
155  days  over  which  the  experiment  extended,  each  showing  the 
maximum  and  minimum  temperature  recorded,  the  mean  for  the  ten 
days  ;  and  for  Tanks  3  and  4  the  mean  of  the  maxima  and  minima  have 
also  been  calculated. 

It  will  be  seen  from  the  tables  that  the  mean  temperature  in  No.  1 
varied  from  3 '9  C.  to  10- 3  C.  during  the  155  days,  the  mean  for  the 
whole  period  being  6*5  C.  (43*7  F.) ;  the  extremes  of  temperature 
observed  at  any  time  were  2*8  and  10*6.  The  mean  temperature  of  No. 
2  varied  from  4*3  C.  to  10*8  C,  the  mean  for  the  period  being  7'0  C. 
(44*6  F.) ;  the  slightly  higher  temperature  was  owing  to  this  tank  being 
nearer  the  stove  that  No.  1.  In  No.  3  it  was  desired  to  maintain  a 
temperature  intermediate  between  that  of  No.  4  and  the  other  tanks,  but 
greater  difficulty  was  found  in  this  case  in  adjusting  the  supplies  of  hot 
and  cold  water.  The  ten-day  means  ranged  from  6  C.  to  ir9  C,  the 
mean  for  the  period  being  8*6  C.  (47 '5  F.).  The  extreme  individual 
temperatures  were  3*9  and  15*6,  a  diflference  of  11*7  C,  but  these 
variations  were  of  short  duration.  In  No.  4  the  range  of  the  ten-day 
means  was  10' 8  to  13*6  C.,  the  range  of  the  mean  maxima  was  from  17*2 
to  12'6,  and  of  the  minima  from  8*0  to  11*8;  the  extreme  temperatures 
recorded  were  6*8  C.  (44*2  F.)  and  22*8  C.  (73*0  F.),  a  difference  of  16  C. 
or  28*8  F.  The  low  temperature  as  a  rule  occurred  when  the  stove  or 
some  part  of  the  apparatus  required  to  be  overhauled,  and  the  high  ones 
for  a  short  period,  when  the  fire  had  been  too  strong ;  they  sometimes 
occurred  during  the  night.  The  mean  temperature  for  this  tank  for  the 
whole  period  was  12*5  C.  (54*5  F.),  which  approximates  to  the  mean 
bottom  temperature  in  the  sea  off  the  East  Coast  in  July,  August,  and 
September ;  in  depths  of  from  ten  to  fifteen  fathoms  the  mean  temper- 
ature for  these  months  is  about  52*9,  and  a  little  further  out,  in  thirty 
fathoms,  it  is  50*7  F. 

The  fishes  used  in  the  experiments  were  young  whitings,  codlings,  and 
haddocks,  a  few  dabs,  a  plaice,  a  small  starry  ray,  and  an  armed  bull- 
head. They  were  procured  in  the  small-meshed  net  used  around  the 
otter-trawl  in  the  investigations  made  on  board  trawlers,  and  were  first 
kept  for  a  few  weeks  after  being  brought  to  the  laboratory  before  they 
were  placed  in  the  experimental  tanks.  Each  fish  was  measured,  but 
not  weighed,  nor  was  its  volume  determined  ;  trial  showed  that  the  risks 
might  be  too  great. 

With  regard  to  the  general  conditions  and  behaviour  of  the  fishes  a 
little  may  be  said.  They  were  fed  daily,  or  several  times  a  day,  and  in 
all  cases  they  got  as  much  food  as  they  were  willing  or  able  to  take,  but 
they  were  not  fed  during  the  night.  Their  food  consisted  almost 
entirely  of  the  ordinary  edible  mussel,  chopped  up,  varied  occasionally 
with  a  few  limpets,  and  still  more  rarely  with  live  shrimps ;  on  one  or 
two  occasions  they  got  fragments  of  herrings  or  parts  of  the  roe  or  milt, 
and  sometimes  the  mussels  were  not  removed  from  their  shells,  but  were 
broken  up  and  crushed.  An  attempt  was  at  first  made  to  weigh  the 
quantity  of  food  given  to  them  daily,  but  the  conditions  of  the  experi- 
ment showed  that  this  might  be  misleading  and  it  was  discontinued. 

All  the  fishes  did  not  by  any  means  thrive  to  a  like  extent.  The 
haddocks,  in  particular,  proved  to  be  exceptionally  delicate  as  compared 
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with  the  codlings  and  whitings,  and  most  of  them  died  at  one  time  or 
other  during  the  course  of  the  experiments.  They  did  not  appear  to 
make  themselves  at  home,  so  to  speak,  as  the  codlings  and  the  whitings 
did,  and  they  were  obviously,  under  the  conditions  of  the  experiment, 
more  stupid  fish.  When  the  fish  were  fed  the  chopped  mussels  were 
dropped  gradually  into  the  water,  and  the  moment  the  fragments  began 
to  sink  the  whitings  and  codlings  rushed  at  them  and,  even  when  replete 
of  a  previous  meal,  took  them  into  their  mouths  and  put  them  out  again, 
or  smelt  them ;  their  movements  were  thoroughly  purposive  in  relation  to 
the  food.  The  haddocks,  on  the  other  hand,  excited  by  the  commotion, 
or  it  may  be  by  the  odour  of  the  mussels  also,  rushed  aimlessly  about  at 
such  times,  snapping  at  the  other  fishes  and  missing  the  fragments 
although  often  quite  near  them  and  themselves  quite  hungry.  The 
haddocks,  it  was  also  noticed,  kept  closer  to  the  bottom,  and  looked  for 
their  food  there  rather  than  in  the  course  of  descent  through  the  water.* 

The  fact  has  to  be  taken  into  account,  because,  although  food  was 
supplied  abundantly,  it  is  pretty  certain  that  the  haddocks,  as  a  rule,  got 
only  what  the  others  left. 

It  is  probable  also  that  the  haddocks  suffered  more  than  the  other 
fishes  from  not  getting  a  more  natural  food.  With  reference  to  tempera- 
ture they  were  also  more  sensitive  than  the  others.  When  the  water  got 
comparatively  warm,  say  about  60°  R,  the  haddocks  first  showed  signs  of 
distress  and  went  round  the  tank  near  the  top  gasping  or  tried  to  jump 
out,  and  I  attribute  the  deaths  of  most  of  the  haddocks  to  this  cause. 
On  one  occasion  I  transferred  a  haddock  of  19'9cm.  from  water  of  a  tem- 
perature of  7-4  C.  (45-3  F.)  to  watej-  of  15  C.  (59  F.)  and  it  was  killed  in 
about  two  minutes,  as  if  it  had  been  poisoned ;  it  rapidly  became  paralysed, 
swayed  about  a  few  moments  and  then  sank  with  its  mouth  open.  A 
small  whiting  (15'0cm.)  transferred  at  the  same  time  appeared  to  be  doing 
well,  but  was  found  dead  the  next  morning.  The  haddocks,  moreover,  were 
observed  to  seek  the  coolest  parts  of  the  hot-water  tank,  while,  unless 
when  the  temperature  was  very  high,  the  whitings  and  codlings  in  that  tank 
seemed  to  enjoy  themselves  and  were  active  and  alert.  It  may  be  said 
that  at  first  the  hot  water  was  run  in  on  the  top,  but  it  was  found  that 
there  was  a  difference  of  two  or  three  degrees  under  these  circumstances 
between  the  surface  and  bottom  water ;  thereafter  it  was  carried  towards 
the  bottom  by  a  pipe,  arrangements  being  made  for  air  passing  in  with  the 
water  at  the  same  time  and  thus  the  temperature  was  nearly  equalised. 

During  the  cold  weather  in  winter  a  great  contrast  was  shown  between 
the  fishes  in  the  warm  tanks  and  those  in  the  tanks  where  the  temperature 
was  low,  the  difference  in  tempei-ature  being  about  9  C.  In  the 
former  they  moved  about  actively  and  were  keen  and  alert  and,  if  the  ex- 
pression may  be  used,  were  happy;  in  the  cold  water  tanks  the  fish,  on  the 
other  hand,  were  sluggish,  remaining  a  long  time  at  one  spot,  and  gently 
swaying  their  fins :  the  movement  and  activity  in  the  one  tank  offered  a 
marked  contrast  to  the  comparative  lifelessness  in  the  adjoining  tank.  It 
has  already  been  said  that  the  fishes  in  the  warm  water  had  a  far  better 
appetite  than  those  in  the  cold  water  and  ate  much  more ;  it  was,  more- 
over, observed  that  at  times  when  the  temperature  was  low,  down  to  about 
3*8  C,  or  a  little  above  the  freezing  point  of  fresh  water,  the  fishes  in 
these  tanks  gave  up  feeding  altogether,  while  in  the  adjoining  heated  tanks 
the  fish  were  fighting  eagerly  for  the  food.  In  the  former  at  such  times  the 
mussels  would  be  left  untouched  at  the  bottom  of  the  tank.     This  confirms 

*  It  may  be  here  stated  that  the  haddocks,  as  a  rule,  swam  nearer  the  bottom  than  the 
codlings  or  the  whitings,  and  this  wom  ospeciallv  noticeable  at  first  when  the  fishes  were 
introduced  into  the  tanks.  While  the  haddocks  grovelled  about  the  lx)ttom,  the 
whitings  were  dispersed  upwards  to  near  the  top  of  the  tank.  The  observation  as  to  the 
difference  in  habit  may  have  reference  to  the  fact  that  whitings  and  codlings  are  caught  in 
far  greater  proportions  than  haddocks  by  the  otter-trawl  compared  with  l£o  boam-trawl 


of  the  Fishery  Board  for  Scotlmtd, 


163 


my  experience  at  Dunbar  in  former  years,  when  it  was  found  that  plaice 
and  dabs  kept  in  small  tanks  lost  weight  in  winter  and  gave  up  feeding.* 
In  tank  No.  1,  which  contained  as  we  have  seen  about  185*5  gallons 
(842*5  litres),  seven  whitings,  five  codlings,  one  haddock,  one  common 
dab,  and  one  sand-eel  were  placed ;  the  latter  soon  disappeared,  and  was 
probably  eaten.  The  fish  were  measured  on  two  occasions,  (1)  at  an 
interval  of  100  days,  and  (2)  after  155  days.  It  would,  as  it  turned  out, 
have  been  better  to  have  measured  them  more  frequently,  since,  with  the 
exception  of  the  sand-eel,  all  the  fishes  survived  in  this  tank;  but  from  the 
mortality  in  the  other  tanks  it  was  deemed  advisable  to  disturb  them  as 
little  as  possible.  In  measuring  them,  they  were  first  transferred  to 
convenient  dishes,  seized  cautiously  with  a  loose  cloth,  and  when  laid  on 
the  measuring  board  care  was  taken  to  free  the  under  surface  of  the  fish 
from  the  cloth.  A  little  practice  made  the  process  easy,  the  only  forms 
requiring  extra  care  and  promptness  being  the  haddocks.  In  the 
accompanying  Table  I  give  the  particulars  regarding  these  fourteen  fishes 
which  were  kept  in  water  at  the  ordinary  temperatures. 


Tank 

I. 

Fish. 

Length. 

Mean  Temperature 
4-5'  C.  (401*'  F.). 

Mean  Temperature 
9-3°  C.  (48-7''  F.). 

Mean  Temp. 
6-5°  C.  (43-7' F.). 

100  Days  T^ter. 

55  Days  Later. 

Increase  in  the 
155  Days. 

Length. 

Increase. 

Length. 

Increase. 

Total. 

Mean 
per  10 
Days. 

Total. 

Mean 
per  10 
Days. 

Total 

Mean 
per  10 
Days. 

Whiting. 

2 
3 
4 
5 
6 
7 
Average, 

Mm. 

209 

170 

160 

157 

152 

152 

142 

Mm. 

226 

191 

173 

172 

169 

164 

159 

Mm. 
17 
21 
13 
15 
17 
12 
17 

Mm. 
1-7 
21 
1-3 
1-5 
17 
1-2 
17 

Mm. 

244 

210 

187 

181 

178 

177 

174 

Mm. 
18 
19 
14 

9 

9 
13 
15 

Mm. 
3-27 
3-45 
2-18 
1-64 
1-64 
2-36 
2-73 

Mm. 
85 
40 
27 
24 
26 
25 
32 

Mm. 
226 
2-58 
1-74 
1-55 
1-68 
1-61 
2-06 

163-14 

179-14 

16 

1-6 

1930 

13-86 

2-52 

29-86 

1-93 

Codling. 

2 
3 

4 
5 

Arorago,  < 

147 
[143 
132 
129 
128 

185 
184 
169 
163 
160 

88 
41 
37 
34 
37 

3-8 
4-1 
37 
3-4 
37 

226 

200 
208 
200 
194 

41 
16 
39 
37 
34 

7-45 

2-9 

7-09 

673 

6-18 

79 
67 
79 
71 
71 

5-1 

37 

4-9 

4-58 

4-58 

134-8 

172-2 

37-4 

374 

■  •  ■ 

• « • 

•  •  • 

•  •  ■ 

•  •  « 

1327 

169-2 

36-5 

3-65 

207 

37-8 

6-87 

757 

4-88 

Haddock. 

183 

210 

27 

27 

238 

28 

51 

55-0 

3-55 

Common  Dab. 

237 

243 

6 

0-6 

243 

0-0 

... 

1 

i 

0-01 

\ 

k 
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Among  the  seven  whitings  the  srowtb  in  the  first  hundred  days  when 
the  mean  temperature  was  4*5  0.  (40*1  F.)  was  not  great,  the  increase  in 
different  fishes,  as  will  be  seen  from  the  Table,  varying  from  12  to  21mm., 
the  mean  increase  being  16mm.,  and  the  mean  for  each  ten  days  on  the 
average  being  1*6  mm.  The  fishes  were  of  different  sizes  as  shown,  and 
the  increase  per  ten-day  period  varied  from  1*2  to  2*1  mm.  In  the 
succeeding  55  days  when  the  mean  temperature  of  the  water  was  9*3  C. 
(48*7  F.)  the  actual  increment  of  length  in  different  fishes  ranged  from 
9mm.  to  19mm.,  the  mean  per  ten  days  ranging  from  1'64  to  3*45mra. 
The  average  increment  was  13'86mm.  and  the  mean  for  the  lot  per  ten- 
day  period  was  2'52mm.  Over  the  whole  period  of  155  days,  the  mean 
temperature  being  6*5  C.  (43*7  F.),  the  actual  increments  varied  from 
24mm.  to  40mm.  (from  about  one  inch  to  an  inch  and  nine  sixteenths)  the 
mean  increase  was  29 '86mm.,  or  about  1^  inches,  and  for  the  ten-day 
period  the  mean  increase  was  r93mm.  There  is  no  doubt  that  tlie 
greatest  amount  of  growth  was  in  the  latter  part  of  the  second  period, 
when  the  temperature  was  highest ;  at  this  time  it  was  a  common  remark 
how  fast  the  fish  were  growing,  but  for  the  reason  above  stated  they  were 
not  more  frequently  measured.  The  whitings,  it  may  be  said,  appeared 
to  be  in  good  condition  and  health. 

The  codlings  grew  more  rapidly  than  the  whitings.  One  of  them 
(No.  2)  which  grew  fastest  during  the  first  period  developed  a  diseased 
growth  or  tumour  in  the  second  period  when  its  rate  of  increase  was 
therefore  very  slow.  It  has  been  accordingly  left  out  of  the  calculations 
of  the  means  in  the  second  period,  and  the  other  four  fishes  have  been 
also  dealt  with  separately  throughout.  In  the  first  hundred  days  the 
increments  varied  from  34  to  41mm.  (1§  to  1§  inches),  the  means  for  the 
ten  days  being  from  3*4  to  4*1  mm. ;  the  mean  increase  was  37'4mm.,  and 
the  ten  days'  mean  3*7 4mm.  In  the  second  period  of  fifty-five  days  the 
actual  amount  of  growth  was  a  little  greater,  so  that  under  the  difference 
of  temperature  indicated  the  codlings  grew  about  twice  more  rapidly. 
Omitting  the  diseased  fish  the  increments  varied  from  34  to  41mm. — 
precisely  the  same  as  in  the  first  period—  the  average  was  37*8ram.  and 
the  mean  for  10  days  6 '87mm.  Over  the  whole  time  of  155  days  the 
amount  of  growth  in  the  four  healthy  fishes  was  respectively  79,  79,  71, 
71mm.,  the  average  being  75*7mm.,  or  about  3-i^  inches — a  very  con- 
siderable rate  considering  the  temperature  of  the  water.  On  the  other 
hand  the  fiishes  were  supplied  with  abundance  of  food,  and  the  codlings 
were  the  greediest  of  them  all,  and  no  doubt  got  more  food  in  a  given 
time  than  they  would  under  natural  conditions  in  the  sea.  With  the 
exception  of  the  one  referred  to  they  all  remained  healthy  throughout 
the  experiment. 

The  growth  of  the  single  haddock  was  also  fairly  rapid  for  the 
temperature.  In  the  first  hundred  days  its  increase  amounted  to  27mm., 
or  a  little  over  an  inch,  the  mean  for  ten  days  being  2*7.  In  the  second 
period,  like  the  codlings,  the  actual  growth  was  about  the  same,  although 
the  time  was  only  about  half;  it  amounted  to  28mm.  (1^  inch),  the  ten- 
day  mean  being  5*1  mm.  Over  the  whole  period  the  actual  increase  in 
length  was  55mm.  (2^  inches),  the  average  for  the  ten-day  period  being 
3*55mm. 

The  growth  of  the  single  common  dab  in  this  tank  was  slow  and 
presented  a  contrast  to  the  round  fishes ;  it  was  an  adult  female.  The 
increase  in  the  first  period  was  only  6mm.  (J  inch),  the  mean  for  ten  days 
being  0*6mm.  In  the  second  period  it  did  not  increase  at  all.  Two 
circumstances  may  have  affected  this,  the  first  that  four  spawning 
flounders  were  put  into  this  tank  early  in  the  second  period,  and  it  is 
possible  that  the  greater  competition  for  food  prevented  the  dab  getting 
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a  full  share  ;  the  second  that  it  was  a  female  of  adult  size  and  may  have 
spawned.  It  was  unfortunately  omitted  to  provide  apparatus  in  the 
overflow  from  the  tank  to  obtain  evidence  as  to  this. 

The  observations  in  Tank  No.  1  refer  to  growth  under  the  ordinary 
temperature  of  the  season. 

Tank  TI. 


Fihii. 

Length. 

Mean  Tbmpkrature 
5-2^  C.  (41-4'*  F.). 

Mean  Tbmperatuuk, 
9-2"  C.  (48-6^  F.). 

Mean  Temp., 
7'*C.  (44-b^  F.). 

100  Days  Later, 

55  Days  Later. 

Increase  in  the 
155  Days. 

Length. 

Increase. 

Length. 

Increase. 

Total. 

Moan 
por  10 
Days. 

Totel. 

Moan 
per  10 
Days. 

Total. 

Mean 
per  10 
Days. 

Whitings. 

Mm. 
179 

Mm. 
193 

Mm. 
14 

Mm. 
1-4 

Mm. 
207 

Mm.  1  Mm. 
U       2-54 

Mm. 
28 

Mm. 
1-81 

2 

]78 

192 

14 

1-4 

202 

10       1-82 

24 

1-55 

3 

170 

185 

15 

1-5 

196 

11     '  2-0 

26 

1-68 

4 

160 

179 

19 

1-9 

192 

13       2-36 

32 

206 

5 

161 

173 

22 

2  2 

187 

14       2*54 

36 

2-32 

6 

151 

171 

20 

20 

184 

13    ;  2-36 

33 

2-13 

7 

148 

164 

16 

1-6 

181 

17    ;  3-09 

1 

33 

213 

8 

145 

160 

15 

1-5 

177 

17    '  309 

32 

2-06 

9 

140 

159 

19 

1-9 

176 

17       3-09 

36 

2-32 

10 

138 

158 

20 

2  0 

171 

13    1  2-36 

33 

213 

11 

134 

154 

20 

2-0 

170 

16       2-91 

36 

2-32 

12 

134 

152 

18 

1-8 

164 

12       2-18 

30 

1-93 

13 

[131 

151 

20 

2-0 

154 

3 

-5 

23 

-] 

14 

[130 

150 

20 

20] 

- 

— 

— 

— 

— 

15 

[109 

128 

19 

1-9] 

- 

- 

— 

— 

Average    - 

152-3 

170-0 

17-7 

1-77 

184-0 

14-0 

2-55 

31-7 

2-04 

Haddock. 
1 

193 

211 

18 

1-8 

. 

, 

. 

2 

180 

199 

19 

1-9 

- 

- 

— 

- 

— 

3 

178 

197 

19 

1-9 

— 

- 

— 

- 

- 

Average,   - 

183-7 

202-3 

18-6 

1-86 

— 

— 

— 

— 

- 

Com.  Dab. 

1 

241 

248 

7 

0-7 

251 

3 

•55 

10 

•07 

2 

146 

168 

22 

2-2 

190 

22 

40 

44 

2-84 

Average,  - 

193-5 

208 

14-5 

1-45 

220-5 

12-5 

2-27 

26 

1-68 

Starry  Ray. 

198 

198 

0-0 

— 

195 

-3 

— 

-3 
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Tlie  same  is  true  of  Tauk  No.  2,  except,  as  formerly  explained,  tiie 
temperature  here  was  generally  slightly  higher  owing  to  its  being  nearer 
the  stove.  Into  this  tank  were  placed  fiteen  whitings,  three  haddocks, 
two  common  dabs,  and  a  starry  ray ;  a  sand-eel  was  also  present  at  first, 
but,  as  in  the  other  tank,  it  soon  disappeared.  The  particulars  of  these 
fishes  are  given  in  the  accompanying  Table.  Three  of  the  whitings  are 
not  included  in  the  final  column  and  averages  ;  No.  13  was  found  in  the 
second  period  to  have  the  tail  and  one  of  the  eyes  diseased,  and  its 
growth  had  been  thus  interferred  with,  No.  14  was  transferred  to  the 
warm  tank  as  already  described,  and  No.  15  was  found  dead  when  thirty- 
five  days  of  the  second  period  had  elapsed,  and  it  then  measured  134mm. 
In  the  first  hundred  days,  with  a  mean  temperature  of  5*2  C,  the 
increments  varied  from  14  to  22mm.,  the  mean  being  17*7mm.,  or 
1  '7mm.  above  that  for  Tank  No.  1,  a  difiference  probably  related  to  the  some- 
what higher  mean  temperature  (*7  C).  As  a  rule  the  greatest  increase 
was  among  the  smaller  fishes.  In  the  second  period  of  55  days,  with  a 
mean  temperature  of  9*2  C.  (48*6  F.),  the  increments  ranged  in  different 
cases  from  10  to  i7mm.,  and  the  mean  was  14mm.,  as  compared  with 
13*86  in  Tank  No.  1,  the  mean  for  ten  days  being  2*55,  as  compared  with 
2*52 — almost  precisely  the  same.  It  will  be  seen  from  the  tables  that 
the  mean  temperature  of  the  two  tanks  in  the  second  period  were  also 
practically  identical,  differing  by  only  *1  C,  but  the  difference  was  in 
favour  of  Tank  No.  1,  into  which  the  sunshine  entered  more  freely. 

The  haddocks  did  not  thrive  so  well  compared  with  the  one  in  Tank  No.  1, 
and  they  all  died  early  in  the  second  period.  The  mean  increment  in 
the  hundred  days  was  18*6mm.,  as  compared  with  27mm.  in  Tank  No.  1, 
the  mean  for  the  ten  days  being  l'86mm.  against  2*7mm.  One  of  these 
haddocks,  199mm.  long,  perished  by  being  placed  in  warmei  water  as 
previously  described;  it  was  well  nourished,  its  weight  being  67*5 
grammes,  while  the  mean  weight  of  haddocks  of  the  same  size  is  65*7 
grammes  (see  Table,  p.  226).  One  of  the  others  died  18  days  after  the 
measurement  recorded,  and  it  was  then  216mm.  long,  an  increase  of  5m. 

Of  the  two  common  dabs,  the  smaller  grew  quickly  and  the  larger 
slowly.  In  the  first  period  the  former  increased  by  22m.  and  the  latter 
by  only  7mm.;  in  the  second  period  the  smaller  increased  by  22m. 
again,  and  the  larger  by  only  3mm.,  the  growth  as  with  the  round  fishes 
being  about  twice  quicker  in  the  higher  temperature  of  the  second  period. 
The  small  one  increased  in  the  hundred  days  by  44mm.,  or  1}  inches,  the 
mean  rate  being  2*84mm.  per  ten  days,  while  the  increase  of  the  larger 
one  amounted  in  the  155  days  to  only  10mm.,  or  |  of  an  inch,  the  mean 
for  ten  days  being  only  0*07mm.     They  were  both  females. 

The  starxy  ray  did  not  grow  at  all ;  during  the  first  period  it  just 
maintained  its  breadth,  and  in  the  second  it  lost  about  3mm.  in  the  same 
dimension.  Its  loss  of  weight  must  have  been  relatively  greater  because 
it  became  very  attenuated,  and  it  was  no  doubt  owing  to  lack  of  proper 
food. 

In  Tank  No.  3  an  endeavour  was  made  to  maintain  a  temperature 
intermediate  between  that  of  Tanks  Nos.  1  and  2  and  Tank  No.  4,  but  as 
previously  mentioned  the  variations  wore  considerable,  and  the  residts  in 
this  tank  were  not  so  satisfactory.  It  appears  moreover  probable  that  in 
the  endeavours  to  adjust  the  supply  of  hot  and  cold  water  the  circulation 
was  diminished.  For  some  reason  or  another  four  of  the  whitings  and 
five  of  the  codlings  put  in  died  a  short  time  after  the  experiment  was 
begun,  and  these  are  not  included  in  the  accompanying  Table,  which 
gives  the  particulars  regarding  the  rest  of  the  fish.  Two  haddocks  which 
were  placed  in  the  tank  also  died ;  the  autopsy  revealed  no  apparent 
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cause  of  doath,  which  was  possibly  due  to  the  variations  in  the  tempera- 
ture of  the  water,  but  one  of  them,  202mm.  in  length,  which  should  ha?e 
weighed  about  67  grammes,  weighed  only  63*8  grammes. 

Tank  III. 


Mban  Tbmpbiiaturb, 
7-7*' C.  (45-9"  F.). 

Mban  Tempkraturb. 
10-3*  C.  (50-5'*  F.). 

Mban  Tbmp., 
8-6*' C.  (47-5*' F.). 

100  Days  Later. 

55  Days  Later. 

Increase  in  the 
155  Days. 

Fish. 

Length. 

Incre««o. 

Increase. 

Length. 

Length. 

Total. 

Mean 
per  10 
Days. 

Total. 

Mean 
per  10 
Days. 

Tctal. 

Mean 

per  10 

Days. 

Whiting. 

Mm. 
162 

Mm. 
1S6 

Mm. 
24 

Mm. 
2-4 

Mm. 
204 

Mm. 
18 

Mm. 
3-27 

Mm. 
42 

Mm. 
2-71 

o 

160 

180 

20 

2-0 

190 

10 

1-82 

80 

1-93 

3 

153 

176 

23 

2-3 

188 

12 

2-18 

35 

2-26 

A 

152 

170 

18 

1-8 

185 

15 

2-73 

33 

2-18 

5 

[147 

158 

11] 

•  •  • 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

6 

[146 

155 

»3 

•  •• 

•  •  • 

•  •  « 

•  •  ■ 

•  ■  • 

•  •• 

Avorago, 

156-7 

178 

21-3 

2-13 

191-7 

13-7 

2-49 

35 

2-26 

Codling. 

161 

209 

48 

4-8 

256 

47 

8-54 

95 

6-18 

2 

158 

198 

40 

4-0 

246 

48 

8-73 

88 

5-68 

3 

141 

168 

27 

2-7 

212 

44 

8-00 

71 

4-58 

4 

135 

163 

28 

2-8 

210 

47 

8-54 

75 

4-84 

5 

128 

158 

30 

3-0 

194 

36 

6-55 

66 

4-26 

6 

113 

137 

24 

2-4 

148 

11 

2-0 

35 

2-26 

7 

[149 

189 

40 

4-0 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

Avorago,  < 

140-7 

174-6 

33-9 

3-39 

•  •  • 

■ « • 

•  •  • 

■  •  • 

1 

•  •  ■ 

139-3 

172-2 

32*9 

3-29 

211 

38-8 

7*05 

71-7 

4-63 

Common  Dab. 

261 

276 

15 

1-6 

286 

10 

1-82 

25 

1 

1-61 

The  particulars  in  regard  to  the  whiting  show  that  the  increment  in  the 
first  period  varied  from  9mm.  to  24mm.,  but  the  fish  showing  the  small 
increase  and  another  showing  an  increase  of  only  11m.,  were  found  to 
have  the  tail  badly  ulcerated  and  they  were  killed.  Omitting  these  two, 
the  mean  increase  was  21 '3mm.,  or  an  average  per  ten  days  of  2' 13mm. 
as  compared  with  16mni.  and  17*7mm.  in  the  cold  tanks.  In  the  second 
period  the  increase  was  on  an  average  13 '7mm.,  and  therefore  under  the 
average  for  the  cold  water  tanks  in  the  same  period,  which  shows,  as  well 


168  Part  III. — Twe^ity-second  Annual  Beport 

as  the  mortality  alluded  to,  that  the  conditions  in  this  tank  were  not 
satisfactory.  The  mean  increase  over  the  whole  period  was  35mm.,  or  1  § 
inches,  the  ten-day  mean  2 '26mm.,  a  little  higher  than  that  for  the  two 
tanks  referred  to  in  the  similar  period. 

Among  the  cod  the  increase  ranged  in  the  first  period  from  24mm.  to 
48mm.,  the  average  meanheing  33*9mm.,  and  the  ten-day  mean3*39mm., 
and  therefore  a  little  less  than  Tank  No.  1.  One  of  the  codlings,  No.  7, 
was  transferred  to  Tank  No.  4  after  this,  and  died  four  days  later,  like 
the  haddock  and  whiting  ahove  mentioned  ;  in  this  case  the  interval  was 
longer.  In  the  second  period  the  remaining  fishes  increased  from  11mm. 
to  48mm.  in  different  cases,  the  average  being  38*8mm.,  or  about 
1  i  inches.  Omitting  the  smaller  specimen,  in  which  the  increase  was  clearly 
anomalous,  the  average  increase  of  the  others  was  44'4mm.,  or  8*1  per  ten 
days.  The  increments  in  the  length  over  the  whole  time  varied  from 
35mm.  to  95mm.,  the  mean  increase  being  71*7mm.,  or  omitting  the 
anomalous  form,  79mm.,  or  3^  inches,  the  mean  for  ten  days  being  5'lmni. 

The  single  common  dab  in  this  tank  increased  by  15mm.  in  the  first 
period  and  by  10mm.  in  tlie  second,  the  increment  over  the  whole  time 
being  25mm.,  or  1  inch,  and  the  average  per  10  days  I'Blmm. 

In  tank  No.  4  there  was  at  first  some  mortality  owing  to  the  vicis- 
situdes in  the  temperature  which,  as  already  stated,  affected  different 
fishes  in  different  ways. 

Of  three  haddocks  put  in  none  survived  the  whole  period,  and  only  one 
the  first.  One  died  after  fifteen  days ;  it  was  285mm.  and  had  increased 
to  287mm.  Another  died  after  eighty-three  days,  and  it  had  increased 
from  279  to  295mm.  The  third  at  the  end  of  the  first  period  increased 
from  262  to  279mm.,  an  increment  of  17mm.,  the  average  per  ten  days 
being  the  small  one  of  r7mm.  It  died  from  the  high  temperature  a 
few  days  later  without  having  increased  in  length. 

Among  the  whitings  there  was  less  mortality,  nine  surviving  the  whole 
time  and  other  two  for  the  first  period.  In  the  first  hundred  days  the 
variations  in  the  increase  were  from  19mm.  to  34mm.,  the  mean  being 
27'5mm.,  or  a  little  oyer  an  inch,  the  ten-day  mean  averaging  2'74mm. 
In  the  second  period  the  increments  ranged  from  9mm.  to  19mm.,  the 
mean  being  15'7mm.  and  the  average  of  the  ten-day  mean  2'85mm. 

Over  the  whole  period  the  increments  varied  from  28mm.  to  52mm., 
the  mean  being  43*  1mm.,  about  1|  inches,  the  mean  increase  in  the 
ten-day  periods  being  2*79mm. 
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Tank  IV. 

Fish. 

Length. 

Mkan  Tkmpebatdrb, 
12-3^0.  (54-rF.). 

Mkan  Temperature, 
12-9''C.  (55-2^^). 

Mean  Temp. 
12-5*' C.  (64 -5'' F.). 

100  Days  later. 

55  Days  later. 

Increase  in  the 
155  Days. 

Increase. 

Increase. 

Length. 

Length. 

Total. 

Mean 
per  10 
Days. 

Mean 

Mean 

Total. 

nor  10 
Days. 

Total 

per  10 
Days. 

Wliiting. 

Mm. 

241 

Mm. 
260 

Mm. 
19 

Mm. 
1-9 

Mm. 
269 

Mm. 
9 

Mm. 
1-64 

Mm. 

28 

Mm. 
1-81 

2 

208 

229 

21 

2-1 

242 

13 

2-36 

34 

2-19 

3 

204 

226 

21 

21 

2'J9 

14 

2-54 

35 

2-26 

4 

177 

203 

2ii 

2-6 

220 

17 

3  09 

43 

2-77 

5 

ICl 

193 

32 

3-2 

209 

16 

2-91 

48 

3-09 

6 

157 

186 

29 

2-9 

204 

18 

3-27 

47 

303 

/ 

146 

180 

34 

3-4 

197 

18 

3-27 

52 

3-36 

8 

140 

171 

31 

3-1 

190 

19 

3-45 

50 

8-22 

!          ^ 

140 

174 

34 

3-4 

192 

18 

3-27 

52 

3-36 

10 

164 

192 

28 

2-8 

- 

— 

— 

- 

_ 

11 

158 

186 

28 

2-8 

— 

- 

— 

— 

- 

Average,  < 

172-4 

199-9 

27-5 

2-75 

— 

— 

- 

— 

— 

174-9 

202-3 

27-4 

2-74 

218 

157 

2-85 

431 

279 

Codling. 

173 

225 

52 

5-2 

278 

53 

9-64 

105 

6-77 

2 

126 

167 

41 

4  1 

221 

54 

9-82 

95 

6-13 

1 

3 

120 

166 

46 

4-6 

220 

64 

9-82 

100 

6-45 

j     Average, 

139-7 

186 

46-3 

4-63 

239-7 

53-7 

9-76 

100 

6-45 

Com.  Dab. 
1 

245 

262 

17 

1-7 

276 

14 

2-65 

31 

2-0 

2 

151 

186 

36 

3-5 

207 

21 

3-82 

66 

3-61 

8 

147 

186 

38 

3-8 

202 

17 

3-09 

55 

8-65 

4 

— 

206 

— 

- 

237 

31 

6-64 

- 

— 

Average, 

181 

211 

30 

3-0 

228-3 

17-8 

3-15 

47-3 

3-06 

Plaice, 

226 

258 

32 

3-2 

277 

19 

3-46 

51 

3-29 

Pofirge, 

127 

127 

— 

- 

— 

— 

- 

— 

— 

It  will  be  noticed  from  the  Table  that  the  increments  of  growth  were 
much  greater  in  the  smaller  forms  than  in  the  larger. 


170  Part  III. — TwerUy-second  Annual  Report 

As  in  all  the  other  tanks,  the  codlings  grew  rapidly.  In  the  first  hundred 
days  the  increments  varied  from  41mm.  to  52mm.,  the  mean  being  46*3, 
and  the  mean  for  the  ten-day  periods  was  4*63.  In  the  second  the 
increase  ranged  from  53  to  54mm.,  the  increments  being  thus  absolutely 
larger  though  the  period  was  less  and  the  mean  temperature  not 
much  higher.  The  mean  increase  was  53*7mm.,  that  for  the  ten-day 
period  being  9*76 mm.  The  total  increase  in  length  in  the  three 
specimens  in  the  155  days  was  respectively,  1 05mm.,  95mm.,  and 
lOOmm.,  the  mean  being  exactly  100mm.,  or  very  close  upon  4  inches, 
and  the  mean  for  the  ten-day  periods  was  6'45mm.  Of  all  the  fishes, 
except  the  flat-fishes,  the  codlings  appeared  to  be  least  affected  by  the 
changes  in  the  temperature. 

In  this  tank  there  were  throughout  three  dabs  and  one  plaice,  and 
another  dab  was  added  at  the  beginning  of  the  second  period.  They  did 
well,  as  a  rule.  In  the  first  period  the  increments  among  the  dabs 
ranged  from  17mm.  to  38mm.,  the  mean  increase  being  30mm.,  or  a  little 
over  \\  inches,  the  mean  for  the  ten  days  being  3'Omm.  In  the  second 
period  the  increments  varied  from  14  to  31mm.,  the  mean  increase  was 
17*3mm.,  and  the  mean  for  the  ten  days,  3*1 5mm.  Over  the  whole 
period  the  increments  of  the  dabs  in  this  tank  varied  from  31  to  56mm. 
\\\  to  2|  inches),  the  average  being  47 '3mm.,  and  that  for  the  ten  days, 
305mm. 

Only  one  plaice  was  made  use  of,  and  it  increased  in  the  first  period 
from  226  to  258mm.,  an  increment  of  32mm.,  or  a  little  over  1^  inches. 
In  the  second  period  it  increased  other  19mra.,  the  ten-day  mean  Xmng 
3*45mm.,  as  compared  with  3'2mnL  in  the  first  period.  The  total 
increase  at  the  end  of  the  experiment  was  51mm.,  giving  an  average  for 
the  ten  days  of  3 '29mm. 

It  may  be  noted  that  throughout  the  whole  of  the  experiment  none  of 
the  fiat-fishes  perished,  so  that  they  bore  the  changes  in  temperature 
much  better  than  the  round  fishes. 

An  armed-buUhead,  or  pogge,  was  also  placed  in  this  tank,  and 
survived  over  the  first  period,  but  it  did  not  increase  in  length  at  all. 
Probably  like  the  starry  ray  this  was  owing  to  the  food  not  being  quite 
suitable  for  it  It  died  shortly  after  the  beginning  of  the  second  period, 
on  one  occasion  when  the  temperature  rose  high. 

These  experiments  show  that  the  increase  in  temperature  is  followed 
by  an  increased  rate  of  growth,  but  I  do  not  think  the  data  are  such  as  to 
enable  the  ratio  between  the  two  to  be  determined.  In  such  experiments 
there  are  a  number  of  factors  which  infiuence  the  growth,  and  it  is  a 
matter  of  extreme  difficulty  to  maintain  a  natural  balance  among  them  in 
the  various  tanks,  and  to  have  the  experiments  carried  on  under  natural 
conditions.  The  influence  of  the  vicissitudes  in  the  temperature  at 
different  times  of  the  day  or  night  must  be  of  importance,  as  shown  by 
the  experiments  of  putting  fishes  from  the  cold  water  into  the  warm 
water,  the  haddock,  whiting,  and  codling  all  perishing,  although  at  very 
different  intervals.  In  order  to  get  a  more  precise  relation  between  the 
temperature  and  the  growth  it  would  be  necessary  to  maintain  the 
temperature  nearly  uniform  in  each  of  the  tanks  throughout,  or  at  all 
events  to  reduce  very  greatly  the  rapidity  of  the  alterations.  The 
question  of  food  is  also  one  that  would,  in  any  circumstances,  give  rise  to 
difficulty,  and  yet  it  is  evidently  one  of  much  importance.  It  is  not 
easy  procuring  the  natural  food  of  the  fishes  and  supplying  it  in  due 
proportions. 

It  appears  that  the  influence  of  temperature  is  active  in  modifying  the 
rate  of  growth  by  acting  directly  upon  the  metabolism  of  the  fish,  and 
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also  by  affecting  the  rapidity  of  digestion.  In  very  cold  water  the  fishes 
give  np  feeding  altogether,  because  the  ferments  upon  which  digestion 
depends  do  not  act,  or  act  very  slowly,  at  low  temperatures,  and  in  fishes, 
as  in  other  animals,  appetite  waits  on  digestion,  and  this  is,  on  the  other 
hand,  correlated  with  the  metabolism  in  the  tissues.  It  has  been  shown  by 
Krukenbeig  that  the  pepsine  or  aualagous  body  in  the  stomach  of  fish 
acts  as  well  at  20  C.  as  at  40  C,  at  which,  among  mammals,  digestion  is 
most  actiye,  and  that  the  rapidity  of  its  action  is  closely  related  to  the 
temperature ;  and  Knauthe  and  Zuntz  have  shown  that  the  same  thing 
applies  to  the  metabolism  in  fish,  the  vital  activities  being  more  active  in 
the  higher  temperature,  as  shown  by  the  excretion  of  carbonic  acid  gas 
and  other  products  of  metabolism. 


5.  The  Sprat  (Clupea  sprattus). 

Comparatively  few  observations  have  been  made  on  the  rate  of  growth 
of  the  sprat  Cunningham  appears  to  have  been  the  first  to  publish  a 
definite  statement  on  the  subject,*  making  use  of  a  number  of  observations 
of  £wart  and  Matthews,  contained  in  a  paper  on  the  nature  of  Thames 
and  Forth  whitebait,  which  appeared  in  the  Fourth  Annual  Report  of  the 
Fishery  Board  for  Scotland .t  In  that  paper  an  account  was  given  of  the 
proportion  of  herrings  and  sprats,  and  their  sizes,  in  collections  obtained 
at  different  times  of  the  year  from  February  to  August,  and  from  a  study 
of  these  Cunningham  came  to  the  conclusion  that  the  little  sprats  two  to 
rthree  inches  long  obtained  in  February,  March,  April,  and  May  were 
about  one  year  old.  The  new  brood  of  the  year  began  to  appear  in  the 
whitebait  in  June  and  increased  to  August,  when  they  measured  from 
1  inch  to  1^  inch  (25- 38mm.).  The  proportion  of  sprats  in  the  samples 
in  this  month  was  48  per  cent.,  but  the  number  of  the  small  scaleless 
sprats  gradually  increased  during  the  month  until  90  per  cent,  consisted 
of  these.  Of  2600  specimens  of  whitebait  procured  in  samples  of  about 
two  hundred  each  during  December,  January,  and  February  in  the  Firth 
of  Forth,  over  99 1  per  cent,  were  sprats  measuring  from  1^  inches  to 
2|  inches  (35  to  70mm.).  In  the  samples  from  the  Thames  the  average 
size  was  2  inches  (50mm)  in  April,  and  2\  inches  in  May. 

From  the  examination  of  the  otoliths  of  a  considerable  number  of  sprats, 
partly  from  the  North  Sea  and  partly  from  the  Baltic,  Jenkins  came  to  the 
conclusion  that  the  growth  was  somewhat  more  rapid.  He  assigns  a 
length  of  75mm.  (3  inches)  to  the  sprat  one  year  old;  of  110mm. 
(4 1  inches)  to  the  sprat  which  has  completed  two  years,  and  of  130mm. 
]p\  inches)  to  the  sprat  three  years  old.t 

The  investigations  made  by  myself  on  the  rate  of  growth  of  the  sprat,  and 
described  in  this  paper,  were  on  material  collected  almost  entirely  in  the 
course  of  the  trawling  investigations  in  the  Moray  Firth  and  Aberdeen  Bay 
by  means  of  a  small-meshed  net  placed  outside  the  cod-end  of  the  trawl 
net;  but  some  of  them  were  obtained  by  the  shrimp-net  and  tow-nets.  The 
fact  has  to  be  kept  in  mind,  because  apart  from  the  difference  in  vertical 
distribution  at  different  stages,  which  might  result  in  sprats  of  different 
size  being  taken  in  the  bottom  or  surface  net  at  the  same  time,  the  size 
of  the  mesh  exerts  an  important  influence  on  the  sizes  of  the  samples 
taken,  at  least  as  far  as  the  smaller  specimens  are  concerned,  and  there  is 
no  doubt  that  in  several  of  my  collections  the  very  small   slender  sprats 

*  J<mm.  Marine  BioL  Assoc,  IL  p.  241,  1892:  "Marketable  Marine  Futhes,"  p.  167. 
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X  Wittensck.  Meereiunlersueh.  Ktd  N,F,  Bd,  6  AbtheUung,  Kiel,  p.  Ill,  1902. 
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escaped  capture  either  wholly  or  largely  by  passing  out  through  the  meshes 
of  the  net,  although  they  may  have  been  present  in  the  water  in  consider- 
able numbers.  This,  however,  does  not  entirely  account  for  the  fact 
which  is  ap|)arent  from  the  measurements  in  the  tables  and  from  the 
curves,  that  it  was  the  rule  to  get  only  one  series  of  sprats,  with  a  certain 
range  of  sizes,  in  the  same  haul,  while  in  another  haul  in  the  same  locality 
later,  or  at  the  same  time  in  another  place,  quite  a  different  series 
predominated.  That  seems  to  be  due  to  the  sprats  of  different  years 
keeping  for  the  most  part  separate  from  one  another. 

The  number  of  collections  obtained  and  examined  was  twenty-six, 
some  in  each  month  of  the  year  except  February,  July,  and  August; 
most  of  them  were  obtained  in  October  and  December. 

From  the  fact  that  the  spawning  period  of  the  sprat  is  definitely 
limited  to  one  portion  of  the  year  it  is  more  easy  to  determine  its  rate  of 
growth  than  in  the  case  of  the  herring,  in  which  there  are  two  well 
separated  s[)awning  seasons,  spring  and  autumn,  and  a  certain  degree  of 
spawning  in  the  intermediate  periods.  The  sprat  appears  to  spawn  at 
different  parts  of  the  coast  at  rather  different  times,  or  at  all  events  the 
spawning  period  does  not  quite  coincide.  At  Plymouth,  Cunningham 
found  it  spawning  from  the  end  of  January  until  the  end  of  April,  or 
even  later.*  On  the  west  coast  of  Ireland  Holt  obtained  the  floating 
eggs  in  March,  April,  May,  and  June;  chiefly  in  March  and  April.t 
Uensen  and  Apstein  give  the  spawning  period  as  the  end  of  April  and 
the  beginning  of  May.J  On  the  east  coast  of  Scotland  the  Garland 
found  the  floating  eggs  in  the  Firth  of  Forth  from  towards  the  end  of 
March  to  the  middle  of  August,  and  especially  in  April,  May,  and  June.  ^ 
In  the  Moray  Firth  I  found  sprats  to  be  spawning  on  the  1st  April  and 
Ist  June  ;  and  though  the  limits  of  the  period  here  are  not  well  defined, 
there  is  no  reason  to  doubt  that  they  are  much  the  same  as  a  little  further 
down  the  coast,  and  probably  the  chief  spawning  occurs  about  the  end  of 
May  on  this  stretch  of  coast. 

From  the  small  size  of  the  egg  and  the  temperature  of  the  water  at 
that  season  the  hatching  of  the  eggs  takes  only  a  few  days,  the  length  of 
the  larva,  according  to  Cunningham,  being  from  3  to  3-7mm.  Probably 
the  early  part  of  June  may  therefore  be  taken  as  the  period  when  the 
bulk  of  the  larval  sprats  issue  into  the  water. 

The  smallest  specimens  got  after  the  spawning  season  were  obtained  in 
September  and  October  in  Aberdeen  Bay  and  in  the  Moray  Firth  in 
December,  in  all  cases  by  the  tow-net.  On  the  18th  September,  near 
shore,  in  from  seven  to  ten  feet  of  water  in  Aberdeen  Bay,  sixteen  were 
taken  from  29mm.  to  46mm.,  and  on  the  20th  other  five  measuring 
from  29mm.  to  39mm.,  the  average  size  of  these  twenty-one  specimens 
being  35  9 mm.,  or  If  inches.  On  18th  October,  in  nine  fathoms,  in  the 
same  locality,  four  were  caught  which  measured  31,  35,  42,  and  45mm. 
On  the  28th  December  in  the  Dornoch  Firth  two  were  taken  in  the 
tow-nets,  one  of  which  measured  39mm.  and  the  other  48mm.,  while  734 
were  caught  in  the  small-meshed  net  around  the  cod-end,  ranging  in 
size  from  52  to  125mm.  It  is  obvious  that  all  the  small  sprats  taken 
in  these  drags  had  been  hatched  in  the  previous  spawning  season, 
and  were  approximately  from  three  to  six  months  old. 

In  April,  some  small  sprats  were  also  got  in  the  shrimp  net  in  shallow 
water  in  Aberdeen  Bay.  On  the  8th  of  the  month  three  were  taken 
which  measured  45,  50,  and  53mm.,  as  well  as  a  number  from  65mm. 
upwards.    On  the  16th  of  the  month  other  fifty-one  were  taken  with  the 

*  **  The  Natural  History  of  the  Marketable  Marino  Fishes,"  p.  165. 

t  Bmo.  of  GouncU,  Roy.  Dvhlin,  StK.  Jor  1891,  p.  265. 
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shrimp-net  in  the  same  locality,  measuring  from  40  to  70mm.,  but  all 
except  four  were  less  than  55mm.,  these  being — one  at  56mm.,  two  at 
65mm.,  and  one  at  70mm.  From  the  curves  for  the  whole  of  the  sprats 
in  these  collections  it  is  apparent  that  the  last  and  possibly  those  at 
62mm.  belong  to  the  second  group.  The  average  size  of  the  fifty-four 
sprats  assigned  to  the  first  series  was  48'3mm.,  or  1|-  inches,  including  the 
two  at  62mm.,  and  the  mean  size,  i.e,,  coinciding  with  the  central  point 
of  the  base  line  from  the  smallest  to  the  largest,  is  also  48mm.  This 
might  appear  to  be  the  size  of  Rprats  ten  or  eleven  months  old,  belonging 
to  the  previous  spawning  season,  and  it  is  considerably  under  the  size 
assigned  by  Jenkins  to  those  of  one  year's  growth,  although  the  amount 
of  growth  from  the  middle  of  April  to  the  early  part  of  June,  the  period  I 
have  taken  as  representing  the  maximum  of  hatching,  would  add  several 
mm.  to  their  length.  The  average  agrees  better  with  the  size  of  the 
sprats  from  the  Thames  in  April  examined  by  Matthews,  viz.,  two  inches. 
On  12th  December,  however,  four  months  earlier,  a  haul  with  the  small- 
meshed  net  in  the  same  locality  in  from  eight  to  twelve  fathoms  furnished 
seventy-four  sprats,  of  which  the  first  series  numbered  forty-seven, 
ranging  in  size  from  49mm.  to  60mm.,  the  average  being  55'5mm.,  and 
the  mean  54'5mm.  This  shows  that  the  collection  in  April  was  not  fully 
representative  of  the  series.  By  combining  the  two  collections  the  average 
size  of  the  98  sprats  of  this  series  is  found  to  be  5r3mm.,  or  2  inches — 
the  range  in  size  being  from  40mm.  to  60mm.,  and  the  mean  size  50mm. 
The  date  intermediate  between  the  collections  is  about  14th  February, 
and  the  size  stated  may  be  taken  as  approximately  representing  the 
average  size  of  the  sprats  at  this  date.  Growth  is  slow  at  this  time  of 
year  and  on  to  April,  and  an  examination  of  the  other  curves  shows  that 
the  end  of  the  first  series  is  about  6cm.  when  the  sprats  are  about  one  year 
old,  the  average  size  being  a  little  over  50mm.,  or  slightly  over  2  inches. 

There  was  no  collection  in  February,  and  that  made  at  the  end  of 
March  in  the  Dornoch  Firth  did  not  include  any  of  the  smaller  forms 
In  St.  Andrews  Bay  Mcintosh  obtained  sprats  on  12th  March  in  the 
bottom  trawl-tow-net,  measuring  from  1^  to  2  inches  (32  -  50mm.);  and  on 
12th  April  one  2  inches  long,  and  floating  eggs  of  the  sprat  two  days  later.* 

The  older  series  are  present  in  the  collections  in  greater  numbers,  but 
as  is  usually  the  case  it  is  frequently  a  matter  ef  difficulty  to  fix  exactly 
the  point  of  division  between  them,  owing  to  the  overlapping  of  one  series 
with  another  and  often  the  small  numbers  of  the  fish  of  one  of  the  series. 

Taking  the  hauls  in  the  order  of  the  months,  the  first  was  on  15  th 
January  off  Aberdeen,  and  of  sixteen  sprats  obtained  three  belonged  to 
one  series  with  an  average  size  of  87  mm.,  and  the  other  thirteen  ranged 
in  size  from  112  to  135mm.  The  larger  of  these  probably  belonged  to  a 
still  older  series.,  but  the  average  for  the  lot  was  123  mm.  Another  haul 
in  January  in  the  Cromarty  Firth  furnished  twenty-seven  sprats,  of  which 
twenty-three,  measuring  from  61  to  92mm.,  formed  one  series  with  an 
average  size  of  7 7 '2mm.,  and  the  other  four  belonged  to  the  older  group, 
measuring  from  111  to  117mm.,  and  with  an  average  of  114mm. 

If  these  two  January  hauls  are  combined  the  first  group,  with  a  range 
from  61  to  92mm.,  has  an  average  size  of  78*3mm.,  and  the  second,  with 
a  range  of  from  111  to  135mm.,  an  average  of  120'9mm. 

No  collection  was  made  in  February,  but  on  31st  March  870  were  taken 
in  the  Dornoch  Firth.  Of  these,  205  ranged  in  length  from  75  to  107 
mm.,  the  average  being  96'8mm. ;  and  the  other  665  formed  a  series 
from  108  to  139mm.,  with  an  average  of  117-8mm.  The  latter  series  of 
sprats  were  ripe  and  approaching  ripeness.  ^ 

In  April  the  collection  in  Aberdeen  Pkiy,  besides  the  fifty-four  small 
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ones  above  described,  was  made  up  of  another  series  of  fifty- four,  ranging 
from  68  to  107mm.  and  with  an  average  size  of  81*5mm.  There  was 
also  one  sprat  at  116mm.,  which  appeared  to  belong  to  another  series. 
In  a  haul  of  the  small-meshed  net  made  off  Burghead  Bay  in  the  Moray 
Firth  in  thirty  fathoms  of  water  on  1st  April  seventy-four  sprats  were 
caught,  two  of  which  measured  101  and  104mm.,  and  the  others  from  108 
to  126mm.,  the  average  size  being  118'lmm.  This  collection  is  of  special 
interest  from  the  fact  that  the  sprats  were  spawning,  as  referred  to  below. 

In  May  there  was  only  one  collection  of  sprats  and  it  was  from  the 
Firth  of  Forth,  where  a  number  were  taken  on  the  ninth  of  the  month  at 
Station  III.  by  means  of  the  small-meshed  net  around  the  cod-end  of  the 
GarlancVs  trawl.  There  were  two  small  ones,  one  measuring  52mm.  and 
the  other  62mm.  and  it  appears  that  these  belong  to  the  group  of  smallest 
sprats,  most  of  which  were  able  to  escape  through  the  meshes  of  the  net, 
that  is,  the  group  about  one  year  old.  Tlie  next  series  was  well  represented, 
the  sprats  numbering  554,  and  ranging  in  size  from  68  to  110mm.  Tlie 
average  size  was  83 '4mm.  Thirteen  larger  fishes  pertained  to  an  older 
group,  measuring  from  113  to  134mm.,  and  having  an  average  of  120'9mm. 

Two  hauls  were  made  on  1st  June,  one  in  the  Cromarty  Firth  and  the 
other  at  Aberdeen.  At  Cromarty  the  sprats  were  found  to  be  spawning, 
and  with  the  exception  of  one,  124mm.  in  length,  they  seemed  all  to 
belong  to  the  same  series.  The  range  of  size  was  from  73  to  110mm., 
the  average  being  92*9mm. 

In  the  collection  from  Aberdeen  Bay  the  corresponding  series  was 
represented  by  fifty-seven  fish  measuring  from  86  to  109mm.,  the  average 
length  being  96'5mm.,  and  there  was  a  larger  one  at  116mm. 

On  the  28th  of  the  month  eighty-one  were  taken  at  Lunan  Bay  near 
Montrose,  further  down  the  coast,  and  they  all  belonged  to  the  same 
group,  the  range  of  sizes  being  from  86  to  117mm.,  with  an  average  of 
104'2mm. 

When  the  measurements  of  all  the  sprats  obtained  in  June  are  combined 
the  following  result  is  obtained.  The  first  is  represented  by  the  two  fishes 
from  the  Forth,  52  and  62mm.;  the  second  consists  of  689  sprats, 
ranging  in  size  from  68  to  117mm.  with  an  average  of  94*4mm.;  and  the 
third  by  two  fishes  with  an  average  of  120mm. 

From  the  end  of  June  to  the  middle  of  October  no  collections  were 
procured  with  the  exception  of  the  twenty- one  small  ones  got  in  the  tow- 
nets  on  18th  and  20th  September. 

On  the  18th  and  20th  October  a  number  were  taken  in  Aberdeen  Bay. 
Four  of  these  measured  from  31  to  45mm.  and  have  been  already  referred 
to ;  of  the  others,  fifteen,  ranging  in  size  from  82  to  94mm.,  had  an  average 
size  of  86'8nim.,  and  ninety-two  ranged  from  107  to  130mm.,  the  average 
being  114'5mm.  On  the  22nd,  forty-three  were  caught  in  the  Dornoch 
Firth,  one  measuring  54mm.  belonging  to  the  early  group;  sixteen  varied 
from  65  to  96mm.,  with  an  average  of  81*7mm.,  and  twenty-six  from  100 
to  1 24mm.,  the  average  being  1 14*6.  These  October  series  when  combined 
give  three  groups,  one  from  31  to  54mm.,  with  an  average  of  41 '4mm.,  one 
from  65  to  96mm.,  with  an  average  of  84'lmm.,  and  a  third  from  100  to 
130mm.,  with  an  average  of  114*5mm.  The  number  of  fishes  in  the  first 
was  five,  in  the  second  thirty-one,  and  in  the  third  118.  It  may  be  here 
said  that  the  average  of  the  second  series  is  higher  than  it  ought  to  be, 
but  the  number  of  fishes  in  it  is  small. 

In  November  a  collection  was  obtained  in  the  Doraoch  Firth,  all  three 
series  being  represented.  The  first  consisted  of  thirty-three  fishes 
measuring  from  45  to  61mm.,  with  an  average  of  55'6mm.  The  second 
series  was  predominant,  the  number  of  sprats  measured  being  1650. 
They  ranged  in  sizes  from  62  to  98mm.,  with  an  average  of  75 '5mm 
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There  were  also  nine  sprats  varyiug  from  102  to  112inm.  A  collection  at 
Aberdeen  on  the  28th  furnished  fourteen  sprats;  one  measured  87mm., 
and  the  other  thirteen  ranged  from  113  to  125mm.,  the  average  being 
120*2.  The  average  of  the  twenty-two  of  the  third  series  in  the  two 
hauls  combined  was  114*4mm. 

In  December  a  number  of  collections  were  obtained  from  the  Moray 
Firth  and  Aberdeen  Bay.  In  the  latter,  on  the  twelfth  of  the  month, 
seventy-three  were  procured  belonging  to  three  series.  The  first  comprised 
forty-seven  fishes,  the  sizes  of  which  ranged  from  49  to  60mm.  with  an 
average  of  55*5mm. ;  the  second  included  twenty-four  from  62  to  97mm. 
the  average  being  77* 6mm.,  and  there  were  other  two  measuring  101  and 
102mm.  On  the  18th,  twenty-six  were  obtained,  of  which  twenty-two, 
measuring  from  66  to  84mm.,  had  an  average  size  of  73*7mm.,  and  four, 
ranging  from  100  to  132mm.,  an  average  of  lir7mm.  On  the  19th, 
seventy-four  were  secured,  seventy  of  them  belonging  to  the  second  series, 
ranging  in  size  from  67  to  97mm.,  the  average  being  78*7mm. ;  the  other 
four  measured  from  104  to  111mm.,  with  an  average  of  107 '5mm.  On 
the  29th,  thirty-nine  were  taken,  all  belonging  to  the  third  group,  the 
sizes  varying  from  98  to  128mm.,  and  the  average  b-^ing  lll'lmm. 

A  collection  made  in  the  Dornoch  Firth  on  the  25th  of  the  month 
numbered  184  fishes,  all  of  which  except  sixteen  belonged  to  the  second 
group.  They  ranged  in  size  from  72  to  98mm.,  the  average  being  86*6mm. ; 
the  other  sixteen  measured  from  103  to  122mm.,  the  average  being 
112'lmm.  In  a  collection  made  on  the  27th,  three  groups  were  represented ; 
the  first,  comprising  three  fishes,  had  an  average  of  57'7mm. ;  the  second, 
ranging  from  63  to  97mm.,  and  including  thirty-six  fishes,  had  an  average 
size  of  76'6mm.;  the  third,  of  fifty-four  fishes,  had  a  range  of  from  100  to 
127mm.,  and  an  average  size  of  107*8mm.  On  the  28th  a  third  collection 
numbering  722  sprats  contained  three  series.  The  first,  nineteen  in 
number,  ranged  in  size  from  39  to  60mm.,  the  average  being  59*2mm. 
The  second  series  comprised  575  fishes,  the  sizes  varying  from  62  to  97mm., 
and  the  average  size  being  7  9 '5mm.  The  third  series  of  128  fishes  ranged 
in  size  from  98  to  128mm.,  and  the  average  was  109 '7mm. 

The  larger  or  older  group  was  well  represented  in  a  haul  made  in 
Burghead  Bay  on  the  25th  December.  Of  536  sprats  caught  520  belonged 
to  that  group,  their  sizes  ranging  from  97  to  138mm.,  and  the  average 
being  121 '1mm.  On  the  28th  another  haul  yielded  a  large  number,  the 
second  series  being  the  best  represented  on  this  occasion.  The  first  group 
contained  twenty-five  fishes  varying  from  50  to  61mm.,  with  an  average  of 
55*8mm. ;  the  second  comprised  436  sprats  from  63  to  91mm.,  and  with 
an  average  of  75 '2mm. ;  and  the  third  series  of  twenty-seven  ranged  from 
96  to  124mm.,  the  average  being  116'Omm. 

When  all  the  collections  made  in  December  are  combined  we  have  the 
following  general  results.  The  first  scries  of  ninety-four  fish  ranged  in 
size  from  39  to  60mm.,  the  average  being  55'8mni. ;  the  second  group  of 
1347  fishes  varied  in  size  from  62  to  97mm.,  and  had  an  average  size  of 
79'5mm. ;  and  the  third  series,  numbering  794  fishes,  had  an  average  size 
of  117*4mm.,  and  a  range  from  98  to  138mm.  It  is  probable  that  the 
larger  forms  in  the  third  series  belong  to  a  still  older  group,  but  their 
members  are  so  small  and  the  difficulty  of  dividing  them  from  the  series 
immediately  preceding  so  great  that  I  have  not  attempted  to  group  them 
into  a  fourth  series.  This  circumstance  will  to  a  small  extent  raise  the 
average  of  the  third  series  higher  than  it  naturally  ought  to  be.  It  must 
also  be  said  that  the  range  assigned  to  the  various  groups  may  not  be  in 
all  cases  the  precise  one  that  exists,  for  it  is  sometimes  very  difiicult  to 
define  the  division  between  the  series.  In  such  cases  the  curves  and 
tables  of  millimetre  measurements  must  be  the  best  guide. 
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It  is  clear,  however,  from  the  measurements  that  at  least  three  annual 
series  or  groups  of  sprats  exist  in  these  collections,  although  they  are  rarely 
well  represented  together  in  any  one  collection,  and  this  is  ohvious  from 
the  curves  in  the  plates,  and  especially  from  the  curve  for  the  combined 
measurements  in  December  (fig.  10,  PL  IX). 

The  first  or  early  series  has  been  already  alluded  to,  and  the  facts  show 
that  the  sprat  grows  slowly. 

Three  collections  were  made  in  which  spawning  sprats  were  got,  one 
on  the  Ist  April,  ofif  Burghead,  one  on  the  Ist  June  in  the  Cromarty 
Firth,  and  the  third  on  31st  March  in  the  Dornoch  Firth.  In  the  first 
named  collection  the  seventy-two  sprats  forming  the  second  series 
measured,  as  stated,  from  108  to  126mm.,  with  an  average  of  11 8' 1mm. 
The  initial  sizes  were  as  follows  :-> one  at  101mm.,  one  at  104mm.,  one 
at  108mm.,  and  then  the  series  was  continuous  from  110mm.  onwards. 
Unfortunately,  the  condition  of  the  reproductive  organ  was  not  examined 
throughout  the  whole  series,  but  in  eighteen  males  from  104mm.  to 
125  mm.  the  testes  were  large  and  apparently  ripe  or  approaching 
ripeness ;  they  were  examined  after  preservation  in  formaline  solution. 
The  number  of  female  sprats  examined  was  nineteen,  varying  in  size  from 
LIO  to  126  mm.,  and  they  all  contained  either  fully  mature  eggs  or  eggs 
approaching  maturity.  In  those  fully  mature  the  germinal  vesicle  had 
disappeared  and  the  yolk  was  translucent  but  still  somewhat  granular. 
It  was  noticed  that  there  was  not  any  indication  of  an  external  swelling 
of  the  belly  such  as  is  found  as  a  rule  in  fishes  with  fully-developed 
reproductive  organs,  so  that  it  was  impossible  to  tell  from  the  external 
examination  whether  the  fishes  were  about  to  spawn  or  not.  The 
number  of  the  mature  or  nearly  mature  eggs  was,  moreover,  very  small 
compared  with  the  number  to  be  found  in  the  ovaries  of  most  other  fishes 
with  pelagic  eggs — amounting  only  to  a  few  thousands  {see  p.  285).  I 
append  a  Table  giving  particulars  of  the  weights  (in  grammes)  and 
condition  of  the  reproductive  organs  in  some  of  those  examined  :  — 


Males. 

Females. 

Size. 

Weight. 

Weight  of 
Testes. 

Size. 

Weight. 

Weight  of 
Ovaries. 

Condition  of  Eggs. 

119 

10-8 

0-7 

122 

12-8 

0-38 

Jjargest  yolked  up  to  *46  mm. 

121 

12-2 

0-7 

120 

12*0 

0-492 

,,        n       -44    „ 

115 

91 

0-6 

1^4 

12-8 

0*44 

M        »       -44    „ 

120 

11-5 

0-56 

122 

10-5 

0-49 

»          n        ,T       -609  „ 

123 

13-6 

0-75 

126 

130 

0-42 

»        ,,       -42    „ 

124 

13 

0-68 

122 

10-7 

0-33 

»       -38    „ 

116 

10-7 

0-62 

121 

12-0 

0-29 

n          ..        .»       '44    „ 

119 

11-8 

068 

117 

11-0 

0-34 

M        „       -44    „ 

117 

8-8 

0-3 

118 

10-7 

0-20 

„       -336  „ 

114 

10-6 

0-66 

120 

11-8 

0-64 

M       -651  „ 

114 

8-3 

0-2 

118 

11-7 

0-32 

„       -378  „ 

113 

9-5 

0-66 

111 

8-8 

0-22 

„             n           n         'SStl  „ 

104 

6-5 

0-30 

110 

8-2 

n           „         -79      „ 
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la  the  case  of  the  sprats  taken  in  the  Cromarty  Firth  on  Ist  June« 
only  a  few  were  examined  in  regard  to  the  reproductive  organs,  and  I  noted 
that  the  females  over  104mm.  were  spawning,  and  males  of  the  same  size 
were  also  ripe,  but  it  is  possible  that  some  under  those  sizes  might  also 
have  been  found  ripe  if  a  fuller  examination  had  been  made  of  them. 
The  collection  made  on  31st  March  in  the  Dornoch  Firth  furnishes  the 
best  material,  because  a  larger  number  of  them  were  examined,  the  sexes 
determined,  and  the  reproductive  organs  noted.  Of  the  870  obtained, 
559  were  males  and  311  were  females,  and  in  some  instances,  males  as 
small  as  84mm.  had  testes  sufficiently  developed  to  indicate  that  they 
would  probably  spawn  in  the  course  of  the  season — at  the  close  of  which 
ihey  would  have  considerably  increased  in  length. 

It  was  in  this  case,  as  in  many  others,  difficult  to  divide  the  first  series 
nly  the  larger  members  of  which  were  present — from  the  second  series, 

is  obvious  from  the  curve  (PI.  IX,  Fig.  5).  The  millimetre  measure- 
ments were  as  follows  at  and  near  the  point  selected : — 


100    101    102    103    104    105    106    107 
10      10      10       9      11      15      21       9 


108    109    110    111    112    113 
8      14      10      13      30     89 


[Table 
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The  Table  giving  the  particulars  of  the  sprats  obtained  in  the  various 
collections  is  given  on  page  178,  and  a  comparison  may  now  be  made 
between  the  average  size  indicated  for  the  various  groups. 

If  the  difference  between  the  average  size  of  the  groups  be  calculated, 
it  will  be  found  that  the  amount  between  the  first  and  second  series  is  as 
follows  in  the  various  months : — 23' 1mm.  for  all  the  December  collec- 
tions combined,  33-2  for  April,  42*7  for  October,  19*9  for  November;  the 
mean  for  the  four  being  29'7mm.,  or  about  one  and  three  sixteenths  of 
an  inch.  The  difference  in  some  of  the  cases  is  considerable,  and  this  is 
owing  in  large  meiusure  to  the  very  small  numbers  obtained,  and  to  the 
fact,  still  more,  that  the  great  majority  of  the  smaller  specimens  escaped 
through  the  meshes  of  the  net.  The  large  difference  in  the  average  size 
in  October  is  due  to  the  fact  that  the  first  series  was  represented  by  four 
specimens  got  in  the  tow-net  and  measuring  from  31  to  45mm.,  and  one 
specimen  of  54mm.,  and,  on  the  other  hand,  to  the  average  of  the  few 
specimens  in  the  next  series  being  too  high,  as  already  referred  to.  The 
low  average  for  November  was  caused  by  the  opposite,  and  especially  by 
the  average  for  the  first  series  being  exceptionally  high.  From  this 
circumstance,  the  fact  that  only  the  larger  specimens  of  the  first  series 
were  taken  in  the  small-meshed  net,  comparison  may  also  be  made 
between  what  I  have  termed  the  mean,  which  is  based  on  the  intermediate 
size  between  the  largest  and  the  smallest  in  a  group.  This  system  has 
also  its  disadvantages,  unless  the  largest  and  the  smallest  fishes  present 
fairly  represent  the  limits  of  the  series,  but  it  tends  to  diminish  the  pre- 
dominance of  the  larger  fishes  in  obtaining  the  arithmetical  average.  On 
this  basis,  the  respective  differences  between  the  averages  of  the  first  and 
second  groups  are  these : — 35*0  for  April,  38  for  October,  27  for  Novem- 
ber, and  30  for  December,  the  mean  of  the  lot  being  32*5mm.  The 
presence  of  small  fishes  in  the  tow-net,  as  small  as  39mm.  in  December, 
and  40mm.  in  April  in  the  shrimp-net,  shows  that  the  true  average  is 
under  that  arithmetically  calculated. 

The  differences  between  the  averages  of  the  second  and  third  series  are 
as  follows :— March  21  0,  April  36*6,  May  375,  October  304,  November 
38*9,  and  December  38*5,  the  mean  of  the  differences  being  33'8.  This 
amount  is  rather  above  the  natural  difference  owing  to  the  fact  adverted 
to,  that  the  larger  fishes,  many  of  which  no  doubt  belong  to  a  fourth 
group,  are  included  in  the  third  group,  and  thus  the  average  of  the  latter 
is  somewhat  raised.  The  mean  of  the  combined  differences  is,  calculated 
on  the  other  basis,  35'2mm.,  or  a  little  over  1§  inches,  and  this  probably 
represents  the  amount  of  annual  growth  between  one  series  and  another 
in  the  sprat. 

As  already  stated,  the  imperfection  of  the  collections  of  the  first  or 
younger  group  of  fishes  does  not  allow  an  accurate  calculation  of  the  size 
of  that  group  to  be  made,  but  from  the  sizes  obtained  in  April,  December, 
and  September  it  is  certain  that  the  range  and  the  average  are  under 
what  is  calculated  from  the  sizes  represented.  In  order  to  throw  light  on 
the  subject,  I  have  made  a  curve  (PI.  X),  based  on  the  measurements  of 
the  best  collections,  showing  the  gradual  growth  of  the  sprat  in  the  different 
generations.  From  this,  it  appears,  that  at  one  year  of  age,  about  the 
beginning  of  June,  the  average  size  of  the  sprat  is  a  little  over  60mm., 
and  when  two  year's  old,  at  a  corresponding  period,  about  93mm.  There 
are  not  sufficient  data  to  show  the  precise  size  in  the  next  June,  but,  as 
in  the  end  of  March  and  the  beginning  of  April  the  average  size  is  about 
118mm.,  it  is  probable  that  at  the  beginning  of  June  the  average  size 
would  be  a  little  over  120mm.  This  would  indicate  an  approximate 
growth  of  30mm.  between  the  first  generation  and  the  second,  and  27mm. 
between  the  second  and  the  third. 
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The  growth  of  the  sprat  is  thus  slow  compared  to  most  of  the  Gradoids, 
but  it  is,  of  course,  a  much  smaller  species.  Its  growth  is  not  greatly 
inferior  to  that  of  the  Norway  Pout,  the  smallest  of  the  Gadoids  I  have 
dealt  with. 

In  winter,  moreover,  the  curves  and  measurements  show  that  the 
growth  is  veiy  much  slower ;  most  of  it  appears  to  take  place  between 
April  and  autumn.      In  this  respect  the  sprat  resembles  other  fishes. 

There  is  one  remarkable  circumstance  about  the  sprat,  that  after  the 
third  or  fourth  generation  spawns  it  dies  or  disappears.  Very  few  fishes 
seem  to  survive  to  the  following  year ;  and  this  forms  a  contrast  to  the 
conditions  obtaining  among  the  flat-fishes  and  most  round  fishes,  in 
which  many  generations  survive  after  maturity  is  reached  and  spawn 
in  successive  years. 

With  regard  to  sexual  maturity  and  the  age  at  which  it  is  attained,  a 
comparison  may  be  made  between  the  collections  from  the  Cromarty 
Firth  on  1st  June  and  that  from  the  Dornoch  on  the  31st  March,  or  two 
months  earlier — two  months,  moreover,  in  which  growth  is  comparatively 
rapid.  The  curve  of  the  former  on  Plate  VIII  (Fig.  7)  shows  an  apparently 
homogeneous  and  symmetrical  group,  from  73  to  110mm.,  with  an 
average  of  92*9mm.  As  already  stated,  the  condition  of  the  reproductive 
organs  in  this  series  was  only  partially  examined,  but  if  the  smaller 
resembled  those  of  about  104mm. — and  spawning,  as  we  have  seen,  goes 
on  into  July,  during  which  a  considerable  amount  of  growth  occurs — then 
the  whole  group  would  probably  spawn,  and  these  fidbes  were  about  two 
years  of  age.  The  great  group  in  the  March  collection,  ranging  from 
108mm.  to  139mm.,  were  obviously  all  approaching  ripeness  or  fully 
matured,  and  would  all  spawn  in  the  course  of  the  season.  It  is  probable, 
also,  from  the  condition  of  the  reproductive  organs,  that  the  next  younger 
generation,  or  those  two  years  of  age,  would  spawn  also  before  the  close 
of  the  season,  or  at  all  events  the  males  would,  and  in  that  case  they 
would  come  into  line  with  the  series  got  at  Cromarty,  and  indicate  that 
sexual  maturity  is  reached  at  two  years  of  age. 

The  average  length  and  weight  of  the  sprats  at  one,  two,  and  three 
years  of  age,  according  to  this  research,  are  approximately  as  follows : — 


• 

Mm 

Grammes. 

Increase. 

Mm. 

Grammes. 

One  year,     - 
Two  years,  - 
Three  years. 

63 

93 

120 

1-4 

50 

12-6 

... 
30 
27 

•  •  • 

36 
7-5 

In  the  investigation  made  by  Jenkins,  based  on  the  examination  of  the 
ear-bones,  three  generations  were  also  determined,  but  the  average  sizes 
do  not  correspond.  His  results  are  as  follows,  the  weights  here  inserted 
bemg  derived  from  my  observations  on  the  relation  of  weight  to  length, 
as  described  on  page  145. 


Mm. 

Grammes. 

Increaae 

Mm. 

Grammes. 

First  year,  - 
Second  year. 
Third  year,  - 

75 
110 
130 

2-5 

9-2 

16-4 

. . 
36 
20 

.  • 

6-7 
7-2 

182  PaTt  III. — Twrnt^-eecond  Annual  ^ 


of  the  Fishery  Board  Jor  Scotland.  1 83 

TABLE  L—tmUinutd. 


Part  III, — Twenty-second  Antiiud  Report 
TABLE  i.—amiinvtd. 


ofihe  Fishery  Board  or  Scotland. 

TABLE  I.— raxfinuod. 


186 


Part  IIL — Twenty-second  Annual  Report 
6.  Witch  {Pleuroneetes  cynoglossus^  L,). 


There  now  exists  a  considerable  amount  of  material  to  show  the  growth 
of  this  flat-fish  in  the  earlier  period  of  its  life,  for  the  first  few  generations, 
young  forms  having  been  procured  in  the  tow-nets  or  the  finc-meshed  net 
used  with  the  otter-trawl. 

The  witch  spawns  rather  later  than  most  of  the  other  pleuronectids. 
On  the  east  coast  of  Scotland  the  spawning  period  was  found  by  me  to 
extend  from  May  to  August,  the  maximum  spawning  occuring  about  the  end 
of  June.^  Cunningham  found  it  spawning  in  the  Clyde  towards  the  end 
of  June,t  and  Williamson  obtained  the  floating  eggs  in  Lochfyne  in  each 
month  from  April  to  August  inclusive  — sparingly  in  these  two  months, 
and  most  abundantly  in  June.:t^  Holt  found  ripe  specimens  on  the  west 
coast  of^Ireland.in  March,  April,  and  May,  and  expressed  the  opinion  that 
it  also  spawns  in  June;§  and  Herdman  and  Dawson,  with  reference  to  the 
Irish  Sea,  describe  this  fish  as  spawning  from  May  to  July.|| 

The  spawning  period  may  therefore  be  regarded  as  extending  from  April 
into  August,  with  a  maximum  towards  the  end  of  June. 

The  egg  measures  from  1*15  to  l'19mm.  and  according  to  Cunningham 
hatches  at  temperatures  varying  from  53^  to  68^  on  the  sixth  day,  and 
at  lower  temperatures  on  the  ninth  day.  Holt  found  that  the  eggs 
fertilised  by  him  on  14th  May  hatched  mostly  on  the  seventh  day; 
some  as  early  as  the  sixth  and  others  as  late  as  the  ninth  day,  but  the 
temperature  of  the  water  was  not  noted.  The  surface  and  bottom 
temperatures  off  the  Firth  of  Forth,  where  the  depth  is  about  thirty 
fathoms,  are  approximately  as  follows  in  the  months  during  which  the 
witch  spawns. 


April. 

May. 

June. 

July. 

August. 

Surface,  - 
Bottom^  - 

43-3^ 
41-6° 

46-5^ 
44-3° 

45** 

54-3° 
48-5° 

55" 
51-5° 

The  lower  temperatures  mentioned  by  Cunningham  are  not  specified, 
and  the  eggs  of  the  witch  were  not  among  those  submitted  to  temperature- 
e^cperimentd  by  Dannevig  at  Dunbar.  But  in  the  experiments  referred 
to^  it. was  found  that  the  egg  of  the  cod,  which  is  larger  than  that  of 
the  witch,  being  about  l'39mm.,  took  15|  days  to  hatch  at  a  temperature 
of  42«^-8,  12|  days  at  46^-4,  lOJ  days  at  50®,  and  9f  days  at  53^-6; 
while  the  egg  of  the  flounder,  which  is  smaller  than  that  of  the  witch, 
measuring  0*95  to  l'05mm.  in  diameter,  at  the  same  temperatures  hatched 
in  6^,  5|,  4j|  and  3f  days  respectively.  It  may  therefore  be  assumed 
that  if  the  bulk  of  the  eggs  of  the  witch  be  spawned  in  the  latter  part  of 
June,  the  majority  of  the  larvsa  hatch  out  about  a  week  later,  or,  approxi- 
mately, at  the  beginning  of  July.  The  hatching  period,  owing  to  the 
influence  of  temperature,  will  be  more  contracted  than  the  period  of 
spawning. 

*  Eighth  Ann,  Report  Fishery  Board  for  Scotland,  Part  III.,  p.  263  (1890) ;  Ninih  xbid. 
p.  264 ;  Tenth  ibid.,  pp.  234,  242. 

f  Trans,  Roy,  Soc,  Edinr,,  vol.  xxxii.,  Pt.  I.,  p.  101  (1887). 

tSevnUenth  Ann,  Rep,  Fishery  Board  for  Scotland,  Part  III,,  p.  99  (1899). 

iRep.  to  Council,  Roy,  Dublin  Soc,  for  1851,  p.  258  (1892). 

II  "  Fishes  and  Fisheries  of  the  Irish  Sea."  p.  55.  (1902). 

IT  Thirteenth  Ann,  Rep.  Fishery  Board  for  Scotland,  Pari  IIL,  p.  147. 
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The  larval  witch  on  escaping  from  the  egg  measures,  according  to 
Holt^*  about  3*99mm.,  and  ten  days  after  hatching,  when  the  yolk  was 
exhausted,  a  specimen  measured  5  '57mm .  Cunningham  found  that  in  forty- 
eight  hours  after  hatching  the  length  of  the  larva  increased  from  3*9  to 
5' 9mm.,  a  rapid  increase.  From  the  very  considerable  length  at  which 
transformation  is  completed,  it  is  evident  that  the  pelagic  stage  of  this 
species  is  comparatively  prolonged ;  one,  incompletely  transformed,  with 
the  left  eye  on  the  ridge  of  the  head,  and  measuring  40mm.  in  length, 
was  taken  by  myself  on  15th  January  off  Aberdeen. 

In  the  present  Beport  (p.  270)  Dr.  H.  C.  Williamson  describes  the 
post-larval  and  early  young  stages  of  the  witch. 

In  the  accompanying  Table  I  give  the  particulars  concerning  151 
post-larval  witches  caught  in  tow-nets  at  various  depths  in  Aberdeen 
Bay  and  off  it,  in  the  Dornoch  Firth,  and  in  the  Clyde. 

Set,  Trans,  Roy,  Duhl,  Soc,  V,  (S«r.  II.),  p.  84  (1803). 
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They  are  to  be  found  in  Aberdeen  Bay  in  October  and  November, 
and,  as  above  stated,  an  odd  specimen  may  be  procured  even  in  January. 
The  size  of  those  obtained  ranged  from  12  to  40mm.  (|-lf  inches), 
transformation  being  completed  and  bottom-life  begun  as  a  rule  about  the 
latter  size.  In  the  Dornoch  Firth  a  few  were  also  obtained  in  October 
and  November,  from  22  to  38mm.  In  the  Clyde,  in  the  deep  water 
across  the  mouth  of  the  Firth,  in  June  and  July,  a  number  were  procured 
ranging  from  6*5  to  37mm.,  the  smaller  forms  being  generally  caught 
towards  the  surface  and  the  larger  forms  deeper.  On  1st  August  these 
measured  14,  15,  and  17mm.  I  am  indebted  to  Dr.  Williamson  for 
particulars  of  these. 

In  the  absence  of  a  complete  periodic  series  of  tow -net  collections 
extending  over  the  whole  time  from  the  beginning  of  spawning,  it  is  not 
possible  to  tell  the  age  of  the  specimens  given  in  the  Table ;  but  if  spawn- 
ing ceases  in  August  it  follows  that  those  got  in  Aberdeen  Bay  in  October 
and  November  must  be  two  months  old,  and  may  be  more,  and  that  the 
specimen,  incompletely  metamorphosed,  procured  on  15th  January,  was 
over  four  months  old.  The  size  at  which  metamorphosis  is  completed, 
and  therefore  the  duration  of  the  pelagic  stage  in  this  species,  is  there- 
fore considerable. 

The  young  forms  living  on  the  bottom  were  also  sometimes  caught  in 
the  small-meshed  net,  enveloping  the  cod-end  of  the  otter-trawl,  or  in 
the  shrimp-trawL  Thus,  on  24th  October,  in  sixty  fathoms  some  miles  oil 
Aberdeen,  nine  specimens  were  taken,  five  of  which  measured  42mm.,  and 
one  each  37,  38,  40,  and  43mm.  These  clearly  belonged  to  the  preceding 
spawning  season,  and  would  be  a  few  months  old.  On  28th  December, 
in  thirty  fathoms,  off  Burghead  Bay  in  the  Moray  Firth,  fourteen  specimens 
were  secured  which  measured  as  follows: — 

Mnu 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

63 

2 

1 

1 

3 

2 

1 

1 

— 

1 

1 

1 

All  these  also  belonged  to  the  previous  spawning  season;  the  next 
largest  got  in  the  net  was  137mm.  {aeB  below). 

In  the  same  locality,  on  14th  November,  one  measuring  56mm. 
(2-^  inches)  was  taken,  and  it  belongs  to  the  same  category.  On  21st 
January,  in  fifty  fathoms,  in  the  Moray  Firth,  a  specimen  of  47mm.  was 
taken ;  on  23rd  January,  in  the  same  place,  another  of  45mm.,  the  tail  of 
which  was,  however,  damaged,  and  its  real  length  would  be  several  milli- 
metres greater.  On  1st  April,  off  Burghead  Bay,  in  thirty-two  fathoms, 
seven  small  witches  were  caught  of  the  following  sizes : — 60,  65,  66,  74, 
76,  77,  83mm.  (2§-31  inches),  which  would  be,  approximately,  from 
eight  to  ten  months  old ;  the  next  largest  was  144mm. 

On  the  west  coast,  two  were  caught  in  Loch  Long,  off  Ruad  Dubh,  in 
thirty-five  fathoms,  on  20th  September,  which  measured  57  and  58mm. 
respectively;  on  17th  September,  in  Upper  Loch  Etive,  in  fifty-two 
fathoms,  six  were  taken,  four  of  which  measured  47mm.,  one  57  mm., 
and  one  60  mm.;  on  2l8t  April,  one  measuring  90mm.  (3j^  inches) 
was  obtained  seventeen  miles  off  Corsewall  Point.  There  seems  little 
doubt  that  all  these  also  belonged  to  the  spawning-season  immediately 
preceding. 

Holt,  on  the  coast  of  Ireland,  caught  specimens  of  42mm.  in  eighty 
fathoms  on  19th  August^  which  he  was  of  opinion  were  from  eggs 
spawned  early  in  the  season,  and  were  thus  from  four  to  six  months  old ; 
and  in  July  he  got  one  in  one  hundred  and  forty-four  fathoms,  measur- 
ing 12.5cm.,  which  he  believed  to  be  about  one  year  or  more  old.* 

In  some  of  the  hauls  a  number  of  specimens  were  procured  belonging 
to  a  fairly  well-defined  older  group,  and  these,  with  some  others,  are 
represented  in  the  accompanying  Table. 

•Sei  Trans.  Roy.  Dublin  Soc.  V  (Ser.  II.)  86 
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Thus,  iu  the  haul  of  14th  November  (I)  there  were  eight  specimens 
between  13  and  16cm.  (viz.:— 132,  UO,  144, 146,  148,  152, 156,  161mm.), 
and  the  next  size  was  242mm.  In  that  of  28th  December  the  group 
was  represented  by  ten  specimens,  measuring  from  137mm.  to  168mm., 
the  next  largest  being  215mm.;  in  the  haul  of  23rd  January  it  was 
represented  by  nine  specimens,  from  138  to  186mm.,  the  next  size 
being  222mm.,  and  in  tlie  haul  of  1st  April  by  fourtyfour,  from  144  to 
191mm.,  the  next  largest  being  217mm. 

A  consideration  of  the  first  and  second  series  or  generations  in  these 
cases  throws  light  on  the  rate  of  growth  of  the  fish,  and  the  measure- 
ments may  be  grouped  as  follows,  showing  the  smallest  and  largest 
specimens  represented  in  each  case,  and  the  mean  size:  — 


First  Series. 

Date. 

No. 

Smallest. 

Largest. 

Range. 

Arithmetic 
Average. 

Geometric 
Mean. 

1903. 
14th  November,  - 

1 

Mm. 

Mm. 

• 

Mm. 

Mm. 
66 

Mm. 

28th  December,   - 

14 

40 

62 

22 

447 

62-0 

1904. 
23rd  January, 

1 

- 

— 

- 

47-0 

— 

1st  April,     - 

7 

60 

83 

23 

71-6 

71-5 

Second  Series. 

Date. 

No. 

Smallest. 

Largest. 

Range. 

Arithmetic 
Average. 

Geometric 
Mean. 

1903. 
14th  Noverabor,  - 

8 

Mm. 
182 

Mm. 
161 

Mm. 
29 

Mm. 
147-4 

Mm. 
146-5 

28th  December,   - 

10 

187 

168 

81 

160-2 

162-6 

1904. 
28rd  January, 

9 

188 

186 

48 

167-4 

162-0 

let  April,    - 

44 

144 

191 

47 

1661 

167-6 

The  arithmetic  average,  it  may  be  explained,  is  obtained  by  adding 
up  the  sizes  of  the  fishes  represented  in  each  group  and  dividing  by  the 
number  of  fishes;  it  will  deviate  from  the  true  average  size  in  one 
direction  or  the  other  if  the  larger  or  the  smaller  fishes  of  the  group 
predominate  in  numbers.  The  geometric  mean  is  the  middle  figure 
between  the  extreme  sizes,  viz. :~ the  largest  fish  and  the  smallest;  its 
accuracy  depends  upon  the  limits  of  the  gix)up  being  truly  indicated. 

Considering  first  the  difference  in  size  between  the  first  scries  of 
witches  and  the  second  series,  which  are  one  year  older,  it  is  evident  that 
the  size  of  the  single  specimens  of  the  first  series  obtained  on  14th 
November  and  23id  January  respectively,  are  not  representative,  the 
former  (56mm.)  being  too  large  and  the  latter  (47mm.)  too  small.  This 
is  shown  by  the  townet  collections  in  October  and  November,  as 
represented  in  Table  A.  and  Plate  XI,  in  which  specimens  measuring 
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from  12mm.  to  40mra.  were  secured.     The  dilTerences  between  the  two 
series  on  28th  December  and  on  I  at  April  are  these  : — 


Smallest. 

Largest. 

Arithmetic 
Average. 

Geometric 
Mean. 

28th  December,  - 
1st  April,    - 

Mm. 
97 
84 

Mm. 

104 

108 

Mm. 

105-5 

94-5 

Mm. 

100-5 

960 

If  the  mean  of  the  average  sizes  be  taken  for  the  two  hauls,  the 
difference  between  the  first  series  and  the  second  series  is,  for  the 
arithmetic  average,  lOOOmm.,  and  for  the  geometric,  98'3mm — and  thir 
might  be  taken  as  approximately  representing  the  increase  in  growth  in 
length  in  the  witch  at  this  stage  in  one  year,  t.e.,  about  3  J  inches.  It 
will  be  seen,  however,  as  is  the  general  rule,  that  the  average  difference 
in  length  is  greater  at  the  earlier  date  than  at  the  later ;  in  other  words, 
that  the  younger  fishes  increase  in  length  more  rapidly  than  those  one 
year  older.  The  annual  increment  is  therefore  better  represented  on  Ist 
April  than  on  28th  December ;  and  since  1st  April  is  two  or  three 
months  anterior  to  the  height  of  the  hatching  season,  and  the  more 
rapid  growth  in  length  of  the  smaller  fishes  continues,  the  true  difference 
in  length  between  witches  which  are  one  year  old  and  those  which  are 
two  years  old  is  probably  under  90mm.  (3||  inches).  The  average  length 
of  a  one-year-old  witch  appears  to  be  about  3|  inches,  and  that  of  a  two- 
year-old  somewhat  under  7  inches. 

The  above  Tables  also  furnish  information  as  to  the  growth  of  the  first 
and  the  second  series  between  the  dates  of  the  collections.  Thus,  in  the 
ninety-five  days  between  28th  December  and  Ist  April  the  increments  of 
the  first  series  of  witches  was  as  follows : — 


Smallest. 

Largest. 

Arithmetic 
Average. 

Geometric 
Mean. 

Mm. 
20 

Mm. 
21 

Mm. 
26-9 

Mm. 
19-5 

In  the  period  mentioned,  therefore,  the  young  witches  grew  a  little 
over  20mm.  longer^-about  J  of  an  inch.  The  second  series  of  older 
fishes  grew  less  rapidly.  Comparison  of  the  sizes  at  the  various  dates 
shows  the  following  increases : — 
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No. 

of 

Days. 

Increase. 

Of 

Smallest 
Fish. 

Of 

Tiargest 

Fish. 

Average. 

Mean. 

14th  November  to 
28th  December, 

44 

Mm. 
5 

Mm. 
7 

Mm. 

2-8 

17-2 

Mm. 
60 

28th  December  to 
23rd  January,  - 

26 

1 

18 

9-5 

23rd  January  to 
1st  April, 

69 

6 

5 

-1-3 

5-5 

28th  December  to 
Ist  April, 

95 

7 

23 

15-9 

15-0 

14th  November  to 
1st  April, 

139 

12 

30 

18-7 

21-0 

The  increase  in  length  in  the  ninety-five  days  from  28th  December  to 
Ist  April  amounted  to  about  15mm.  (§  inch);  on  the  139  days  from 
14th  November  to  Ist  April,  to  about  20mm.  (|  inch).  It  will  be 
noticed,  as  pointed  out  in  previous  reports,  that  the  larger  fishes  of  an 
early  series  grow  more  rapidly  that  the  smaUest,  i.e.,  the  variation  in  the 
sizes  of  the  individual  fishes  of  the  group — due  primarily  to  a  difference 
in  the  time  of  hatching,  early  or  late — becomes  more  pronounced,  which 
is  one  of  the  causes  of  the  coalescence  of  the  older  generations  or  groups. 
It  will  also  be  observed  that^  so  far  as  these  data  go,  growth  was  more 
rapid  in  December  and  January  than  in  spring.  This  might  be  expected 
from  the  higher  temperature  of  the  bottom  water  in  the  depths  where  the 
witches  lived  during  the  former  months,  growth  being  closply  related  to 
temperature.  Unfortunately,  no  observations  have  yet  been  made  with 
sufficient  frequency  to  enable  the  temperatures  at  these  depths  in  the 
northern  waters  to  be  approximately  stated  for  the  various  months  of  the 
year.  Off  the  Firth  of  Forth,  in  thirty  fathoms,  according  to  the 
Garland's  observations,  the  mean  bottom -temperature  in  the  months 
referred  to  were — November,  49°  F. ;  December,  49-2°  ;  January,  41*7^  ; 
February,  41*3° ;  iSarch,  40-1°  ;  April  433°. 

With  regard  to  the  sizes  and  growth  of  the  witches  of  older  series, 
above  two  years,  there  is  more  difficulty,  owing  to  the  coalescence  of  the 
groups,  and  the  different  rate  of  growth  of  the  males  and  females  after 
sexeral  maturity  is  attained  ;  and  there  are  not  yet  sufficient  observations 
on  the  older  males  and  females  to  make  the  matter  clear.  In  most  of  the 
collections,  as  may  be  observed  from  the  table,  there  is  a  general  absence 
of  specimens  between  the  second  and  third  groups,  and  it  is  not  certain 
whether  this  ^p  is  natural,  i,e.^  that  it  is  caused  by  there  being  really  no 
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intermediate  sizes,  the  grow  th  of  the  largest  of  the  second  series  not 
having  brought  that  series  up  to  the  third — or  whether  it  is  owing  to  the 
imperfect  collections.  A  comparison  of  the  measurements  at  the  different 
dates  shows  that  the  latter  factor  at  least  partly  accounts  for  it,  inasmuch 
as  smaller  specimens  of  the  third  series  were  obtained  in  January  and 
April  than  in  November  as  shown  : — 

Cm.  16  15-5  16  16*5  17  17*5  18   IS'S  10  19*5  20  20*6  21  21*5  22  22*5  23  28-6  24 

nth  Nov..      Ill 2 

28th  Dec.,      2111 1-2-       -2 

2SrdJftn.,       11--3111 1-122 

iBt  April,  8    1178-       2-11       -••■11-1       23 

In  the  curves  of  measurements  there  is  a  marked  drop  indicating  a 
division  between  the  third  and  the  fourth  series,  but  it  does  not  agree  in 
the  different  cases,  and  is  based  upon  not  very  many  mixed  measurements 
of  males  and  females.  The  lowest  point  is  at  30-31  cm.  in  November, 
27cm.  in  January,  30-31cm.  in  December,  and  29cm.  in  April.  Study  of 
the  curves  of  the  other  series  of  measurements  given  in  the  Table  shows 
that  the  fixing  of  the  division  between  the  third  and  fourth  groups  must 
be  deferred.  If,  however,  as  reasoned  above,  a  two-year-old  witch 
measures  on  the  average  about  7  inches,  and  the  rate  of  growth  is 
slightly  reduced,  the  average  length  when  three  years  old  will  probably 
be  about  10  inches,  or  25cm.,  with  a  range  for  the  group  of  approxi- 
mately from  8^  to  11^  inches. 

The  average  size  and  the  range  of  size  at  which  maturity  is  first 
reached  in  the  males  and  females  are  not  yet  sufficiently  elucidated. 
I  found  females  ripe  at  14  inches,  spent  at  13  inches,  and  nearly  ripe 
at  12|  inches;  and  males  ripe  at  15  inches,  nearly  ripe  at  11^  inches.^ 
On  the  west  coast  of  Ireland  the  smallest  ripe  female  found  by  Holt  was 
twelve  inches,  and  the  smallest  approaching  ripeness  was  also  12 
inches ;  the  smallest  ripe  male  was  10^  inches,  and  the  smallest 
approaching  ripeness  10  inches.t 

From  these  facts  it  appears  that  the  female  witch  does  not  spawn 
before  the  fourth  year ;  some  males  may  possibly  become  mature  in  their 
third  year.  It  is  noteworthy  that  in  this  species,  under  certain  sizes  the 
males  are  much  more  numerous  than  the  females.  In  2348  specimens 
under  16  inches,  and  mostly  from  10  to  13  inches,  the  greater  part  of 
which  were  examined  by  Mr.  F.  G.  Pearcey  on  board  the  Garland, 
915  were  females  and  1833  were  males,  the  males  at  these  sizes  being 
thus  rather  more  than  twice  as  numerous  as  the  females.  In  104 
examined  by  myself  there  were  sixty-seven  males  and  thirty-seven 
females.  Among  large  witches,  on  the  other  hand,  from  13  or  14 
inches  upwards  the  proportions  of  the  sexes  are  reversed.  Of  422 
examined,  306  were  females  (34-50cm.)  and  116  males. 

7.  The  Norway  Pout  (Oadus  Esmarkii). 

Since  describing  the  observations  made  on  the  growth  of  this  species 
in  the  Nineteenth  Annual  Report^:  collections  have  been  obtained  and 
measurements  made  on  several  occasions.  Most  of  the  fish  were  caught 
in  the  Moray  Firth,  or  off  Aberdeen,  but  in  two  instances  collections 
were  secured  in  the  deep  water  off  the  Shetlands.  The  first  haul  was  for 
forty-five  minutes  on  19th  May,  1901,  in  sixty-five  fathoms,  about 
fifty-three  miles  S.E.  by  S.  J  S.  from  the  south  point  of  Fetlar  Island, 
Shetland  ;  the  bottom  temperature  was  425**  C,  and  the  surface  46-6°  C. 
The  number  of  Norway  Pouts  caught  was  285,  almost  all  belonging  to  one 

♦  Eighth  Ann,  Rep.  Fishery  Board  for  Scotland    Part  III.,  p.  161)  1890) ;   Tenth 
tbid,,  p.  239. 

i  Report  of  Council  for  189L  Roy,  Dvhhn  Soc,,  p.  272, 
X  Part  IIL,  p.  165  (1901). 
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series,  which  exteuded  from  85mm.  to  129mm..  the  range  being  thus 
44mm.  The  arithmetic  average  size  for  the  279  in  the  series  was 
106 '2mm.,  the  mean  was  107mm.,  and  the  maximum  ordinate  10* 5cm. 
(PI.  XII).  The  remaining  six  fishes,  measuring  from  137  to  149mm., 
represented  part  of  the  second  series. 

The  next  collection  was  obtained  on  11th  December,  1901,  from  the 
grounds  seventy-five  miles  south-east  of  Sumburgh  Head,  Shetland,  in 
seventy-five  fathoms  of  water.  The  number  of  specimens  secured  in  the 
small-meshed  net  was  704.  Most  of  them  belonged  to  one  series, 
although  three  were  represented.  The  first  was  not  well  represented,  and 
was  not  cut  off  so  sharply  from  the  next  series  of  larger  fishes  as  in  the 
hauls  in  September  and  October  of  the  preceding  year.* 

The  measurements,  in  1cm.  groupings,  are  given  in  the  Table  appended  ; 
and  the  2mm.  grouping  is  as  follows  at  the  point  of  division  : — 


115-6 

117-8 

119-20 

121-2 

123-4 

125-6 

127-8 

129-30 

131-2 

10 

11 

7 

6 

1 

4 

14 

21 

25 

This  series  extends  from  97mm.  to  122mm.,  a  range  of  25mm. ; 
the  smaller  forms  are  no  doubt  absent.  The  arithmetic  average  size 
of  the  eighty-five  fishes  contained  in  it  was  lll'5mm.,  and  the  mean 
was  109'5mm.  The  maximum  range  in  this  series  in  the  collections 
made  in  October  1900,  which  included  1553  fishes,  was  50mm.,  and  if  this 
be  applied  in  the  present  case  it  would  make  the  size  of  the  smallest 
belonging  to  it  about  72mm.,  and  the  mean  size  on  this  basis  would 
be  about  97mm. 

The  next  older  group  begins  at  124mm.,  and  apparently  extends  to 
180mm.  or  182mm.,  but  it  is  possible  it  terminates  at  about  164mm. 
The  two-millimetre  grouping  from  157mm.  to  the  end  is  as  follows : — 

157-8    159-60    161-2    163-4    165-6    167-8    169-70    171-2    173-4    175-6    177-8 
14  8647  12  6  4455 

170-80    181-2    18a-4    185-6    187-8    189-90    191-2    193-4    195-6    197-8 
31-13  -  1-21 

Taking  the  series  as  ending  at  182mm.,  the  range  of  the  611  fishes 
composing  it  amounts  to  58mm. ;  the  arithmetic  average  size  is  142'3mm. 
and  the  mean  153mm.  There  were  other  eight  fishes,  the  largest  being 
197mm.,  which  evidently  belong  to  a  third  series.  The  arithmetic  average 
size  is  190'9mm. 

For  comparison  with  the  preceding  collections  taken  in  the  same  neigh- 
bourhood I  give  here  the  main  features  in  tabular  form,  the  averages 
being  the  actual  arithmetical  average. 


Date. 

Ist  Series. 

2nd  Series. 

3rd  Series. 

Range. 

Average. 

Range. 

Average. 

Range. 

Average. 

1900. 
31  August 

4  Septembei 

16-19  Octr. 

1901. 
19  May 

llDecembei 

mm. 

61-92 
66-116 

85-129 
97-122 

mm. 

78-7 
87-7 

106-2 
111-6 

mm. 
110-162 

117-155 

119-172 

124-182 

mm. 
140-2 

136-0 

143-6 

142*3 

mm. 
163  213 

157-200 

177-197 

185-197 

mm. 
176-8 

168-9 

182-5 

190-9 

1 

*  Loc.  cit. ,  plate  iz. 
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If.  however,  the  series  ends  at  164mm.,  then  the  average  size  of  the 
second  group  would  he  139' 9 mm.,  the  mean  size  144,  and  the  range 
40mm. ;  the  third  group  would  have  a  range  of  32mm.,  an  average  size 
of  174*1,  and  a  moan  of  181mm. 

The  differences  between  the  average  size  of  the  various  groups  as  shown 
above  are  as  follows : — 


1st  to  2nd. 

2nd  to  3rd. 

• .  • 

36-6 

67-3 

32-9 

55-9 

38-9 

20-8  [45 -3] 

48-6 

In  the  December  haul  the  first  and  third  series  were  very  imperfectly 
represented  (see  PI.  XII.),  and  the  averages  given  do  n  t  correctly 
show  the  proper  sizes.  The  figures  in  brackets  indicate  the  difference  of 
the  corrected  means. 

Collections  of  the  Norway  Pout  were  also  made  at  various  times  a  few 
miles  off  Aberdeen  in  the  deep  water  known  as  the  Dog  Hole,  the  depth 
varying  from  about  fifty  to  about  seventy  fathoms. 

The  first  was  on  28th  June,  in  sixty-five  fathoms,  eleven  miles  off;  the 
bottom  temperature  was  48*2°  F.,  and  the  surface  temperature  52*5°  F. 
The  number  of  specimens  procured  was  141.  One  of  those  was  a  very 
small  one,  measuring  27mm.,  no  doubt  spawned  some  months  earlier. 
The  next  series  comprised  131,  ranging  in  size  from  1 25mm.  to  172mm., 
the  range  being  47mm.;  the  arithmetical  average  size  was  150 '2mm., 
the  mean  148 '5mm.,  and  the  maximum  ordinate  14*5cm.  There 

were  six  in  a  third  group,  ranging  from  178  to  194mm.,  with  an  average 
size  of  187*2mm.,  the  mean  being  186mm.  Other  three  probably  formed 
a  fourth  series,  the  sizes  being  210,  215,  and  222mm.,  and  the  average 
212-3  mm. 

In  the  next  collection,  on  30th  July,  in  sixty-two  fathoms,  the  bottom 
temperature  being  57°  F.,  and  the  surface  temperature  58*6°  F.,  350 
specimens  were  taken,  all  belonging,  apparently,  to  the  same  series.  The 
range  of  sizes  was  from  120mm.  to  184mm.,  or  an  extent  of  64mm. ;  the 
arithmetical  average  was  155*  1mm.,  the  mean  152mm.,  and  the  maximum 
oidinate  15 '5mm. 

The  third  lot  was  got  on  21st  August,  in  fifty-eight  fathoms,  the  surface 
temperature  being  55*9^  F.,  and  they  numbered  218  specimens.  Two, 
possibly  three,  series,  were  present.  The  first  comprised  three  fishes, 
measuring  67,  81,  and  83mm.  The  second  included  214,  from  130mm. 
to  189mm.,  the  range  being  thus  59mm. ;  the  average  size  was  158'8mm., 
the  mean  159*5,  and  the  maximum  ordinate  16cm. 

On  3rd  September,  the  fourth  collection  was  made  in  fifty-eight  fathoms 
in  the  same  locality,  the  bottom  temperature  being  53^  F.,  and  the  surface 
temperature  53*2'^.  Most  of  the  fishes  in  the  small-meshed  net  escaped, 
owing  to  a  hole  in  it ;  the  number  of  Norway  Pouts  obtained  was  fifteen, 
ranging  from  132  to  168mm.,  the  average  size  being  156 '9mm.,  the  mean 
150mm.,  and  the  maximum  ordinate  16cm. 

A  few  days  later,  on  10th  September,  eight  specimens  were  taken  in 
Aberdeen  Bay,  measuring  76,  77,  83,  85,  87,  91,  93,  94mm.  respectively. 
The  average  size  was  85*7mm.,  the  mean  85,  and  the  maximum  ordinate 
9cm. 

The  next  collection  at  the  Dog  Hole  was  on  16th  December,  in  fifty- 
seven  fathoms,  the  bottom  temperature  being  46*2*  F.  The  number  of 
specimens  taken  was  fifty-four,  belonging  to  two  series.     The  first  included 
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eeventeen  fishes,  TDeasuring  from  114mm.  to  132mm.;  the  average  size 
was  124'7mm.,  the  mean  123nim.,  aud  the  maximum  ordinate  between  13 
and  12'5cm.  The  Hecond  eoiiea  comprised  thirty-seven  fiiihea,  ranging 
from  142mm.  to  184Tnm. ;  the  arithmetic  average  size  waa  1608,  the 
mean  163mm.,  and  the  maximum  ordinate  15'5cm. 

The  particulars  in  regard  to  the  specimens  taken  ofi  Aberdeen  may  be 
summed  up  in  the  following  Table,  which  also  includes  a  number  caught 
in  the  same  locality  by  the  Garland  in  October  and  November  of  the 
previous  year : — 


The  hauls  on  9th  November  1900,  and  10th  September  1901,  were 
taken  in  Aberdeen  Bay  in  about  ten  fathoms  ;  all  the  others  in  1900  in 
deeper  water,  from  thirty-three  to  sixty  fathoms  up  to  ten  miles  from 
shore. 

Beginning  with  the  younger  fishes,  the  one  taken  at  the  end  of  June, 
measuring  27mm.  (l-^  inch),  was  doubtless  about  two  or  three  months 
old,  and  derived  from  the  spanning  in  the  previous  spring.  Tbis  series 
was  not  represented  in  the  July  collection,  but  in  August  the  three 
measuring  67,  81,  and  dSmm.  were  no  doubt  large  members  of  this  group; 
the  average  size  at  this  period  ia  probably  under  what  is  given  in  the 
Table.  On  10th  September,  in  Aberdeen  Bay,  the  eight  specimens  of 
this  series  taken  had  an  average  length  of  85'7mm. ;  and  three  mouths 
later,  on  16th  December,  the  average  size  of  seventeen  waa  124'7mm. 
This  would  indicate  an  increment  of  39mm,  in  the  period  named,  and 
47'7mm.  from  21st  August,  117  days  earlier,  or  4'08mm.  per  ten  days, 
which  is  too  large. 

In  the  Firth  of  Clyde  a  few  collections  were  also  obtained,  but  the 
numbers  were  small  On  15th  July,  1899,  one  waa  taken  in  a  few 
fathoms  of  water  in  Machray  Bay,  Arran  ;  it  measured  85mm.  Go  4th 
October,  1901,  thirty-six  were  caught  in  the  shrimp-net  of  the  Garland 
between  Rhuad  Foint  and  Ailsa  Craig.  They  ranged  in  size  from  63mm. 
to  97mm. ;  the  arithmetical  average  size  was  83'5mm.,  and  the  mean 
80mm.,  and  they  no  doubt  belonged  to  the  same  year's  spawning. 

In  the  Moray  Firth  the  Norway  Pout  is  fairly  common  in  the  deeper 
water,  and  some  collections  were  in  sufficient  numbers  to  enable  curves 
of  their  measurements  to  be  drawn.  On  4th  July,  1901,  a  small  collec- 
tion, consisting  of  sixteen  specimens,  was  procured  in  fifty  fathoms  a  few 
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miles  from  Einnaird  Head.  They  appeared  to  belong  to  two  groups,  the 
first  consisting  of  eleven,  ranging  in  length  from  125mm.  to  172mm.. 
with  an  average  of  154*3mm.,  and  the  second  of  five  specimens  from  183 
to  202mm.,  the  average  being  190'2mm. 

On  14th  November,  1903,  432  were  taken  in  thirty  fathoms  ofif  Burg- 
head  Bay,  belonging  to  two  series.  The  first  comprised  369  specimens, 
varying  in  length  from  75  to  137mm.,  the  average  size  being  1080mm., 
the  mean  106mm.,  and  the  maximum  ordinate  10'5cm.  The  second 
series,  of  sixty-three  fishes,  extended  from  141mm.  to  173mm.,  the  average 
size  being  150'5mm.,  the  mean  157mm.,  and  the  maximum  ordinate 
15'5cm. 

In  the  same  locality  another  collection  was  made,  in  thirty  fathoms, 
on  28th  December,  1903,  and  307  specimens  procured,  all  belonging  to 
the  same  series.  The  sizes  ranged  from  88mm.  to  124mm.,  the  average 
being  103*4mm.,  the  mean  106mm.,  and  the  maximum  ordinate  10'5cm. 

A  fourth  collection  in  this  locality  was  procured  on  1st  April,  1904, 
aud  apparently  only  one  series  was  represented.  It  comprised  347 
specimens,  ranging  in  size  from  93mm.  to  139mm.,  the  average  being 
110'2mm.  or  4|  inches,  and  the  mean  116mm. 

On  23rd  January  1904,  250  specimens  were  procured  in  fifty  fathoms, 
off  Kinnaird  Head,  three  series  being  represented.  The  first  consisted  of 
205,  ranging  in  size  from  96mm.  to  136mm. ;  the  average  was  1153,  the 
mean  116mm.,  and  the  maximum  ordinate  12'5cm.  The  next  group  was 
composed  of  forty-four,  from  145mm.  to  181mm.;  the  average  being 
158*6,  the  mean  163mm.,  and  the  maximum  ordinate  15*5cm.  There 
was  a  large  one  measuring  203mm. 

The  particulars  are  given  in  the  accompanying  Table : — 


Series  I. 

Series  II. 

Series  III. 

Dat«  and 
Place. 

No. 

Range. 

Average. 

No. 

Range. 

Average. 

No. 

Range. 

Average. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Off  Burghead, 

■  •  ■ 

•  •  • 

■  •  • 

t  ■  • 

•  •  • 

•  •  • 

•  •  • 

14th  Nov.  1W)3, 

3fi5 

75-126 

107-0 

77 

127-173 

1471 

■  •  ■ 

28th  Dec.     „     mi 

88-124 

103-4 

•  •  • 

■  •  • 

•  •  • 

... 

Ist  April  1904, 347 

93-139 

110-2 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

Off  Kinnaird 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

1 
...  1        .•. 

Head, 

4th  July  1901, 

11 

125-172 

154-3 

5 

183--202 

190-2 

•  •  ■ 

23rd  Jan.     „     205 

9e-136 

115-3 

44 

145-181 

158-6 

1 

203 

In  these  collections  it  will  be  observed  that  as  a  rule  the  second  series  is 
poorly  represented.  The  apparent  annual  increment  t)f  length  amounting 
in  the  three  cases  in  which  comparison  can  be  made  to  40' 1,  35*7,  and 
43'3mm.,  the  mean  of  the  three  being  39-7mm.,  or  1^  inches. 

The  information  that  may  be  derived  from  the  Table  as  to  the  rate  of 
growth  from  one  date  to  the  other  is  not  very  groat,  the  successive 
averages  irrespective  of  place  being  107*0,  103*4,  115*3, 110*2  and  154*3. 
The  latter  is  based  upon  only  eleven  specimens,  and  is  too  large,  larger, 
indeed,  than  the  average  in  November,  1471,  which  deals  with  the 
measurement  of  seventy-seven  fishes. 
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Information  as  to  the  size  at  which  the  Norway  Pout  becomes  mature 
is  scanty,  the  only  observations,  as  far  as  I  know,  being  those  by  Holt,* 
who  found  two  ripe  females,  each  4j|  inches  in  length  on  the  west  coast 
of  Ireland  early  in  April. 

I  examined  the  condition  of  the  reproductive  organs  in  many  of  the 
specimens  procured  by  me. 

Seven  females  from  the  collection  obtained  off  Burgh ead  on  14th 
November,  varying  in  size  from  151  to  171mm.  (6-6|  inches),  had  small 
ovaries,  the  largest  eggs  ranging  in  diameter  from  '189  to  '231mm., 
Others  on  28th  December,  from  95  to  118mm.,  had  the  ovaries  only 
"  slightly  developed,"  but  the  size  of  the  eggs  was  not  determined.  On 
23rd  January  some  of  those  caught  in  fifty  fathoms  off  Kinnaird  Head 
were  examined,  and  both  the  weight  of  the  ovary  and  the  diameter  of  the 
largest  eggs  had  considerably  increased.  The  following  Table  exhibits 
the  particulars,  the  dimensions  being  in  millimetres,  and  the  weight  in 
grammes.  The  first  six  are  from  the  November  collection,  and  the  others 
from  that  in  January. 


Length. 

Gross  Weight. 

Weight  of 
Ovary. 

Diameter  of 
Tjargest  Eggs. 

151 

27'9 

•    • 

•21 

152 

28-2 

•17 

•21 

157 

30'9 

•12 

.23 

158 

31-2 

'16 

•189 

164 

32-6 

•   • 

•21 

171 

38'4 

•   • 

•21 

1 

153 

24'7 

'5 

•44 

155 

26'5 

•7 

•46 

155 

28'6 

1-3 

•57 

155 

28-4 

M 

»   • 

155 

26-7 

•8 

•    • 

158 

31-0 

1-8 

•   • 

161 

31-7 

1-2 

•57--63 

180 

41 '0 

1-3 

•50 

202 

67'1 

3'4 

•59-63 

Those  examined  from  the  collection  made  off  Burghead  on  1st  April 
were  all  *' quite  immature,"  their  sizes  ranging  from  93  to  139mm. 
(3|-5|  inches)  so  that  this  circumstance  together  with  the  facts  in  the 
above  Table  appear  to  show  that  spawning  occurs  probably  in  February 
and  March. 

A  Table  giving  the  measurements  in  twenty  collections,  arranged  in 
half-centimetros,  is  appended. 

*  Roy.  Ihtbl.  Soc.  Report  of  Council  for  1891,    App.,  p.  291. 
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rr.  DOf  Hoi*,  oil  AbenlKii,  IStb  Jddc  19 


tetl)  D*c«iDb«r,  1901. 
jod*,  IBUi  lUy,  IBOL 
31>t  AugtuC  1900. 
1th  September,  IWO. 


XII.  De*p  WXrr,  off  Sbetluidi,  Ifltli  October,  1900. 


XV.  ne«p  Wkter.  Moray  Firth,  off  Klnnilnl,  £Srd 

.luiuiry,  19W. 
XVI.  llotA!  Firth.  oB  BurtchMd,  let  April,  IM. 
XVII.  „  off  KlnuAinl,  4th  July.  1901. 

XVIII.  „  off  Bunheul.  Itth  November,  IMS. 
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8.  The  Sharp-Tailed  Lumpbnus  (Lumpenus  lampetnformis,) 

Fairly  large  numbers  of  this  fish  are  taken  in  the  small  meshed-net 
around  the  otter-trawl,  more  especially  in  the  deeper  parts  of  the  Moray 
Firth,  as  off  Kinnaird  Head,  and  at  the  mouth  of  the  Firth  of  Forth,  and 
some  of  the  collections  have  been  measured.  The  best  of  these  was  one 
got  at  Station  V.  in  the  Firth  of  Forth,  on  10th  May,  1901,  which  com- 
prised 255  specimens.  They  ranged  in  length  from  127mm.  to  345mm. 
(5  - 13^  inches).  The  measurements,  grouped  in  half  centimetres,  are 
appended,  and  the  curve  is  given  in  Plate  XI.  It  is  apparent 
from  these  that  at  least  three  series,  and  possibly  five,  are  represented  in 
the  collection.  What  appears  to  be  a  first  series  is  indicated  by  two 
specimens,  measuring  127mm.  and  128mm.,  the  next  size  being  138mm. 
On  the  16th  May,  on  the  same  ground,  a  still  smaller  one  was  captured, 
viz.,  at  123mm.,  the  next  measuring  172mm.  In  a  haul  on  31st  August, 
off  Sumburgh.Head,  in  sixty-five  fathoms,  the  smallest  I  have  obtained 
was  taken,  viz.,  84mm.  (3-^\  inches),  the  next  largest  in  the  small 
collection  being  154mm.  I  am  inclined  to  think  that  the  specimens  in 
the  Forth  collection  referred  to  were  the  larger  members  of  an  early 
series,  the  smaller  individuals  probably  escaping  through  the  meshes  of 
the  net ;  the  specimen  at  138mm.  might  also  belong  to  this  series. 

The  second  group  begins  at  138  or  146mm.,  its  division  from  the  third 
series  being  fairly  well  defined  at  190mm.  The  range  is  thus  52mm.,  the 
average  size  of  the  thirty-three  specimens,  167'8mm.  (6f  inches),  and  the 
mean,  with  the  first-named  limit,  164mm.,  and  with  the  series  beginning 
at  146mm.,  168mm. 

The  next  group  begins  at  197mm.,  and  it  appears  to  terminate  at 
263mm.,  a  range  of  66mm.  In  the  curve  based  on  the  half-centimetre 
grouping  of  the  measurements,  there  is  a  depression  at  23cm.  ;  it  does  not 
seem,  however,  to  represent  a  division  between  series,  but^only  irregular 
representation.  The  number  of  fishes  composing  the  second  series  was 
127,  the  arithmetical  average  size  was  235'2mm.,  and  the  mean  230mm. 

The  next  series  begins  at  264mm.,  and  extends  to  312mm.,  a  range  of 
48mm.  It  comprised  seventy-eight  fishes,  whose  average  length  was 
288 '9mm.,  the  mean  size  being  288mm. 

The  other  fifteen  fishes  in  the  collection  probably  belong  to  an  older 
group.  They  measure  from  315mm.  to  345mm.,  the  average  size  being 
325*7mm.,  and  the  mean  size  330mm. 

The  averages  and  limits  above  given  are  based  on  the  supposition  that 
five  series  are  represented ;  but  on  the  assumption  that  the  smaller  fishes 
belong  to  the  same  series  as  the  second  group,  then  the  extent  of  the 
latter  would  be  from  127mm.  to  190mm.,  a  range  of  63mm.,  and  the 
average  size  of  the  thirty-five  fish  would  be  a  little  less,  viz.,  165*4mm., 
the  mean  being  158 '5.  If  the  fifteen  larger  fishes  be  included  with  the 
preceding  series  the  range  would  be  extended  from  264  to  345mm.,  a 
difference  of  81mm. — obviously  too  great — and  the  average  size  would 
become  294*9mm.,  the  mean  being  304'5mm.  Looking  at  the  curve  there 
seems  little  doubt  of  the  presence  in  the  collection  of  members  of  a  fourth 
series,  and  scarcely  less  of  the  presence  of  the  early  one. 

The  amount  of  annual  growth  between  the  series  as  determined  above 
are  as  follows : — 

1st  to  2nd.         2nd  to  3rd.         3rd  to  4th.         4th  to  5th. 

Mm.         -     40-3  67-4  537  368 

Inches,    -       1|  2|i  2^  1^^^ 
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If  the  two  smallest  fishes  be  included  in  the  second  group,  the  difference 
between  the  latter  and  the  next  older  one  is  69*8mm. 

Some  other  collections  of  Lumpe7ius  were  measured,  the  largest  being 
one  procured  off  Burghead  in  thirty-two  fathoms  on  1st  April,  and  which 
comprised  365  specimens.  These,  after  being  preserved  in  formaline,  were 
measured  by  the  Laboratory  attendant,  and  the  measurements  are 
included  in  the  Table  appended.  On  preparing  a  curve,  however,  it  is 
apparent  that  either  the  series  was  irregularly  represented,  or  the 
measurements  faulty,  since  the  divisions  between  the  groups  are  not 
marked.     Four  series,  however,  at  least,  seem  to  be  indicated. 

With  regard  to  the  age  of  these  groups,  it  is  necessary  first  of  all  to 
decide  as  to  the  period  lof  spawning,  about  which  little  is  known.  In 
specimens  taken  off  the  Shetlands  on  31st  August  and  4th  September, 
the  females,  ranging  in  size  from  234mm.  to  286mm.,  had  large  ovaries, 
with  large  eggs  from  l*lmm.  to  l'44mm.  in  diameter,  the  ovaries  them- 
selves measuring  from  25mm.  to  35mm.  long."^  These  specimens  were 
evidently  on  the  eve  of  spawning. 

In  a  collection  procured  in  the  deep  water  off  Kinnaird  Head,  Moray 
Firth,  on  23rd  January,  the  sizes  ranging  from  153  mm.  to  284  mm.,  the 
ovaries  were  small  and  lax,  and  the  tissue  contained  a  great  number  of 
small  dark-brown  bodies  scattered  throughout  them,  apparently  eggs  or 
blood  in  the  process  of  disintegration  and  absorption ;  they  appeared  to 
be  spent.  The  same  condition  was  nuted  in  the  ovaries  of  the  specimens 
taken  off  Burghead  on  1st  April.  On  the  other  hand,  in  a  few  specimens 
procured  in  the  Firth  of  Forth  on  16th  August,  measuring  from  236  mm. 
to  283  mm.,  the  eggs  were  well  developed,  the  largest  ranging  in  diameter 
from  ri  mm.  to  1*4  mm. ;  the  yolk  spheres  were  large  and  small  oil- 
globules  were  present. 

From  these  observations  it  may  be  concluded  that  Lumpentia  spawns  in 
the  late  part  of  the  autumn  or  the  early  part  of  winter,  and  it  is  probable 
that  the  eggs — which  appear  to  be  demersal— do  not  hatch  until  early  in 
spring,  which  may  therefore  be  taken  as  the  period  from  which  to  date 
the  rate  of  growth. 

Looking  to  the  rate  of  growth  between  the  series  as  shown  above,  it  is 
probable  that  the  smaller  specimens  in  May,  measuring  123, 127,  and  128 
mm.,  were  a  little  over  one  year  of  age,  the  specimen  obtained  off  the 
Shetlands  at  the  end  of  August,  84  mm.  in  length,  being  probably  six  or 
seven  months  old.  The  average  size  of  Lumpenvs  when  one  year  old  is 
obviously  less  than  these  sizes,  the  smaller  forms  having  escaped  capture. 

The  information  as  to  the  size  at  which  maturity  is  reached  is  very 
scanty,  the  number  of  specimens  approaching  ripeness  which  were 
examined  having  been  small.  In  August  the  smallest  in  that  condition 
were  236,  239,  241mm.,  and  they  evidently  belonged  to  the  same  group 
as  the  third  (197-263mm.)  represented  in  the  curve  for  the  May 
measurements.  The     probability     therefore     is     that     LtMnpeniu 

spawn   when   three   years   of  age.  It   may   be   noted  that   many 

of  the  largest  specimens  procured  are  males.  This  sex  therefore  does  not, 
as  with  the  flat-fish,  grow  at  a  slower  rate  after  maturity  than  the  females. 
A  Table  of  measurement  of  some  of  the  collections  is  appended. 

*Ninfte'!iUh  Ann,  Rrport  Fishery  Board  for  Scotland,  Part  Ill.y  p.  287. 
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Cm. 


8 


9 


'b 


10 


•5 


11 


12 


13 


14 


•:> 


15 


16 


17 


18 


19 


20 


21 


22 


I. 


II.    III.  IV. 

I        I 


1 
2 
5 
4 
8 
2 
4 
2 
8 
1 
2 
2 
9 
9 
6 
10 
10 


,.  I 


1 
1 


1 

r 
1 

3 


■•  I 


V. 


VI. 


1  ,   1 


1 
1 

2 
1 
2 
1 


2 
4 
6 

7 
4 
5 


VII. 

Cm. 

23 

•5 

24 

•5 

25 

'5 

26 

•5 

27 

•5 

28 

•5 

29 

•5 

30 

2 

•5 

4 

31 

3 

•5 

9 

32 

4 

•5 

10 

33 

11 

•5 

8 

34 

7 

•5 

13 

35 

7 

•5 

18 

36 

14 

•5 

17 

37 

23 

•5 

1. 


1.  Firth  of  Forth,  10th  May,  1001. 
II.      „  „       16th    „       „ 

III.  „  „      28rd.  24th  July,  lOol. 

IV.  ..  „      16th  Auguit,  1001. 


4 

16 

11 

18 

13 

14 

4 

4 

9 

8 

8 

10 

8 

10 

9 

10 

1 

4 

2 

6 

2 


II. 


2 

1 


III. 


IV. 


1 
1 
2 
2 
1 
1 


1 
1 


V. 


2 
1 


1 
2 
1 


VI.  VII. 


I 


5     19 
8     17 

4  I  30  I 

I        I 

2 ;  19 

20 


1 
1 


23 

I 

11  ' 

17  ■ 

10 

10 

15 

12 


5 


2 
4 

1 


V.  Off  ShetUnds,  ZUi  August,  lOOa 
VI.  Mony  Firth,  off  Kinnaird   Head,  S.Srd 

Januaiy. 
VII.  Mono'  Firth,  off  Burghead.  Ist  April. 
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TABLE  A.— Showing  Rlation  between  Length  and  Weight. 


PLAICE. 


Length. 

Weight  in  Grammes. 

Average 
Weight    No.  of 
in           Fish. 
Ounces. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

4-2 
4-6 
4-7 

It 

0-64 
•79 
•89 

•  •  • 

.77 
92 

•71-      -85 
•76-      -98 

•  •  • 

•  •  • 

•  ■  • 

1 
3 
4 

5-0 
•5 
6 

2 

•  •  • 

1 

1-09 
1-63 
1-92 

117 
1-51 
1-96 

•85-    1-48 
1-31-    177 
1-51-    2-41 

in 

•  •   • 

•  •    • 

19 
21 
29 

•5 

t 

7-5 

t  •  • 
■  •  • 

•  •  • 

2-44 
315 
3-77 

2-50 
31-> 
3-90 

1-77-    2-83 
2-9  -    3-6 
3-3  -    417 

•  •    • 

•  •    • 

•  •    • 

19 

7 
9 

8 

•5 
9 

3J 

•   •    • 

4-77 

5-8 

6-58 

4-78 
5-72 
6-82 

3-87-    6-3 
4-5a-    6.34 
5-2  -    7-4 

•  •   • 

•  •    • 

•  •    • 

17 
38 
35 

•5 
10 
•5 

• « • 
•  •  • 

8-09 

9-68 

ll^OS 

8-11 

9-62 

11-20 

6-6  -    8-9 
7-99-  10-9 
9-86-  12-8 

•  •   • 

•  •    ■ 

34 
34 

20 

11 

•5 
12 

4^ 

•    •    • 

4J 

12-84 
14-86 
16-69 

12-93 
14-80 
17-35 

11-8  -  14 
130  -  16-8 
15-6  -  18-7 

•  •   • 
■   •   • 

•  •    • 

16 

15 

9 

•5 
13 
•5 

■   •    ■ 

20-49 
22  53 
24-2 

19-90 
22-41 
25-46 

17-7  -  24-5 
19-7  -  251 
22-2  -  27-0 

•  •   • 

•  •  • 

•  •   • 

11 

11 

5 

14 

•5 
15 

i 

•   •    • 

i 

29-64 
2917 
34-5 

27-67 
3110 
34  06 

28-3  -  30-9 
27-4  -  30-2 
32     -  401 

■    ■    • 
•  •  • 

1-2 

2 

4 
6 

•5 
16 
•5 

•  •   • 

•  •  • 

38-6 
407 
43  9 

37-90 
4103 
44-83 

354  -  401 
37-2  -  44-4 
411  -  45 

•  •  • 

1-4 

•  ■  • 

3 

6 
6 

17 

•5 
18 

•  •  • 

74 

•  •  ■ 

54  9 
54  6 

49-55 
63-78 
67-79 

47-4-58 

•  •  • 

•  •  • 

•  •  • 

1-9 

•  •  • 

5 
1 

•5 
19 
•5 

7i 

•  •  • 

65-0 

•  •  • 

69-0 

62-3 

67-63 

71-54 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

■  •  • 

1 

20 

•5 
21 

i 

•  •  • 

8i 

78  0 
84-3 

•  •  • 

7710 

861 

95-2 

78     -  92 

•  •  • 

2-7 

•  ■  • 
■  ■  • 

1 
5 

■  •  • 

•5 
22 
•5 

•  •   • 

H 

m  •  • 

104-0 
114-7 
119-7 

104  6 
112-8 
119*9 

99     -107 
113'  -120 
115     -127 

•  •  • 
• « ■ 

•  •  • 

3 

4 
4 

23 

•6 
24 

9* 

•  ■   • 

A 

125-2 
1323 
141-6 

125-7 
133  0 
140-6 

115     -142 
122     -139 
127     -154 

•  •  • 
■  •  • 

10 

9 

17 
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Part  III, — Tiveitty^second  Annual  Beport 


PLAICE— can/iwu«rf. 


Length. 


In  On. 


In 

Inches. 


Weight  in  Grammes. 


Averaffe    i  Smoothed 
Average,  i  ^^^rage. 


Range. 


Average 
Weight 

in 
Ounces. 


No.  of 
Fish. 


•5 


70 

71 
72 

73 

74 

i 

75 


•5 


27i 

•  •  • 

3 

•  •  • 

28|t 

»   •  • 

•  •   • 

•  •   • 

29A 


3908 


4481 


158-2 


LEMON. 


6 


8 

« 

9 
10 

11 

12 
13 

14 

15 
16 

17 
18 

« 

19 


•5 


•5 


•6 


•  •  • 

I 

•  •  • 

3i 

•  •  • 

•  •  • 

■  •   • 

•  •   • 

•  .  • 

»    •    • 

•  •    • 

•  •  • 

•  •  • 

•  •  • 

1 


3-35 


14-77 


18-9 
20-0 

23-8 
260 


31-16 

361 

41-2 

44-9 
48-6 
61-7 


68-4 
67-8 


21-3 

23-0 
261 
28-5 

32-3 
36-1 
40-6 

44-9 
48-3 
61-8 

66-0 
61-4 
68-9 


17-35-  20-5 
18-8  -  20-97 

23     -  24-7 
22-6  -  29 


26- 

34-6 

38-5 

40-2 
44-3 
47-5 


35-5 
37-9 
44- 

61-6 
63-1 
67-7 


-66 


64-3  -  62-4 


1-1 


2 
3 

6 

8 


4 
6 
2 

9 
6 
4 


2 
1 
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LEMON — ecniinued. 


Length. 


In  Cm. 


In 
Inches. 


Weight  in  Grammes. 


Average. 


Smoothed 
Average. 


Range. 


Average 
Weight 

in 
Ounces. 


No.  of 
Fish. 


•5 


20 


21 
22 


23 


24 

■ 

25 


•6 


26 


27 

« 

28 


29 


30 
31 


32 


33 
34 


35 


•5 


36 
37 


•6 


38 


•5 


39 

« 

40 


41 


81 

•  •  • 

■  •  • 

•  •  • 

■  •  • 

lOJ 


11 


•  •  ■ 

12A 


13 


i 

•  •  • 

•  •  • 

•  •  • 

•  ■  « 

16| 

•  •  • 

f 

16i 


910 
99-2 

105  0 


167 


170 
214 


228-8 

•  •  • 

•  •  • 

262 
340 


346 
354 


453 
434 


484 
468 

493 
582 
598 

579 
608 
647 

658 
718 
715 

775 

772-6 

740 

852 
896 
868 


79-4 
89-3 
98  0 


363 


482 

514 
561 
586 

595 
611 
638 

678 
697 
736 

754 
763 
788 

829 
872 
894 


84-9  -  991 

•  •  • 

102  -106-8 


241-  283 
326^  354 

319^  361 


411-  474 


445-  524 
432-  481 

439-  559 
552-  616 
518-  630 

538-  658 
566-  651 
559-  694 

m^  715 
616-  779 
651-  779 

757-  821 
644-  871 
694-  786 

729-  991 
835-  991 
793-  942 


3-2 


12-2 


20-5 


26-1 


4 
1 


1 
1 


1 


3 
1 


1 
3 


2 
3 
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Part  III, — Twewty-second  Anniuil  Report 


LEMON — cantimted . 


Length. 

w 

eight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

Fish. 

42 

•5 
43 

•  •  • 

917 
982 

•  •  • 

922 
1038 

871-  963 
935-1026 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

2 
3 

•  •  • 

•5 
44 
•5 

■  •  • 

171 

»  •  • 

•  •  • 

1094 

•  •  • 

•  •  • 

1096 

1062^1126 

•  •  • 

38-6 

•  •  • 

"2 

•  •  • 

45 

•5 
46 

f 

•  ■  • 

18i 

1076 
1119 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

•  •  • 

« • « 

•  •  • 

•  •  • 
• «  • 

•  •  • 

1 
1 

a  •  • 

•5 

47 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

•  a  • 

•  •  • 

•  •  • 

■  a  • 

•  •  • 

•  •  • 

•  •  • 

WITCH 

■• 

4 

lA 

•19 

•  •  • 

•18-      -21 

9  •  B 

3 

•5 

•  •  • 

•28 

•30 

•21-       32 

a  a  ■ 

9 

5 

2 

•  •  • 

•45 

■  •  • 

•  a  a 

a  a  a 

•5 

•  •  • 

•64 

•60 

•  a  • 

a  a  a 

1 

6 

1 

•71 

•77 

•7          -72 

a  •  a 

2 

•5 

•  •  • 

•95 

•93 

•9  -    10 

•  •  » 

2 

7 

f 

•  ■  • 

114 

•  • « 

a  a  a 

a  a  a 

•5 

•  •  • 

133 

1-31 

1-2 

-    15 

a  a  • 

3 

8 

3i 

1 

146 

•  a 

•  •   a 

•  a  a 

•6 

•   •   • 

1-6 

a   •  a 

m  •  » 

1 

9 

A 

•  •  • 

•  a  • 

a  a  • 

a  a  a 

•6 

•  •  • 

1 

•  •  • 

a  a  • 

•  a  a 

10 

H 

•  • « 

•  ■  a 

a  •  a 

•5 

■  •  • 

•  •  • 

•  a   • 

a  a  a 

a  a  a 

11 

4A 

» • « 

a  •  • 

•  •  • 

•  a  a 

•5 

■  •  • 

•  •  • 

•  ■  • 

a  a  a 

a  •  • 

12 

f 

•  a  • 

•  a  • 

a  a  a 

•  •  a 

•6 

•  •  • 

8-4 

a  •  • 

... 

1 

13 

5i 

106 

987 

1 

•5 

•  •  • 

106 

10^87 

... 

1 

14 

i 

114 

11  7 

94  -  12-8 

•  mm 

5 

•6 

•  •  • 

130 

129 

11-7  -  14-3 

•  a  a 

7 

15 

i 

14*3 

14^07 

130  -  151 

•5 

7 

•5 

•  •  • 

14-9 

1553 

13^    -  18-4 

•  •  % 

10 

16 

61V 

17-4 

169 

16-2  -  18-8 

•  •  a 

5 

•5 

•  •  • 

18-4 

18-37 

156  -  20 

a  •  a 

9 

17 

H 

193 

20-07 

171  -  21  1 

a  a  a 

4 

•5 

■  •  • 

22-5 

21  4 

181  -  22-3 

•  a  ■ 

6 

18 

74 

22-4 

23-3 

a  a  a 

a  a   a 

1 

•5 

•  • 

251 

253 

23^    -  26*1 

•  •  • 

5 
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WTTC^— continued. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

19 

•5 
20 

•  •  • 

28-3 

31-38 

35-2 

28-3 
31-6 
35-4 

27-5  -  29- 
28-45-  34-3 
35     -  35-5 

•  •  • 

■  •  • 

1-2 

2 
2 
2 

•6 
21 
•5 

•  •  ■ 

47  •2 
45  0 

39-7 
44  0 

47-7 

47-5-46-9 
43-47 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2 
2 

22 

•5 
23 

•  •  • 

50-9 
57-9 
68 

51-3 
58-9 
63-9 

41      -  56-3 

•  • » 

•  •  > 

•  •  • 

•  •  • 

•  •  • 

5 

1 
1 

•5 
24 
•6 

■  •  « 
•  •  • 

65-9 
73-7 
78-0 

69-2 
73-6 
80-3 

60-84 
70     -  78 
70     -  88 

•  •  • 
■  fl  • 

•  •  • 

4 
3 
9 

25 

•5 
26 

i 

m 

89  1 
97-3 
98- 

86-1 
95-0 
99-3 

79-3  -  69-5 
89-5  -108 
88-3  -108 

31 

•  •  • 

•  •  • 

5 
4 

4 

•5 
27 
•5 

•  •  • 

•  •  « 

102 
118 
130-9 

106-2 
117  0 
127-7 

89     -109-5 
111      -127 
103     -150 

•  •  • 

•  •  • 

•  •  • 

6 

4 
10 

28 

•6 
29 

11 

«  •  • 

134-2 

146 

152-2 

137-0 
144-1 
153-7 

127     -140 
132-3  -157 
137-4  -163 

•  •  • 

•  •  • 

6 

3 

10 

•5 
30 
•5 

•  • 

H 

162-8 

178 

170-4 

164-3 
170-4 
179-8 

144     -189 
164     -186 
160-8  -178 

•  •  ■ 

6-3 

•  •  • 

6 
6 
4 

31 

•5 
32 

12i 

"i 

191       , 
217-3 

222-8 

192-9 
210-4 
224-0 

163     -216 
208     -231 
219     -234 

•  •  • 
» •  • 

6 
3 
6 

•5 
33 
•5 

■  •  • 

13 

232 
234 
247-3 

229-8 
237-7 
249-7 

206     -255 
213     -263 

212     -277 

•  •  • 
• « ■ 

•  •  • 

5 

6 

10 

34 

•5 
35 

1 

•   •    • 

f 

267  7 
271-0 
285-9 

262 

274-9 

283-5 

236     -297 
255     -298 
262     -326 

•  •  • 

10-i 

4 
10 
11 

•5 
36 
•5 

•  •    • 

14A 

•  •    • 

293-5 
312-2 
318-2 

297-2 

308 

320-1 

255     -343 
305      -361 
314     -340 

•  >  • 
■  •  • 

•  •  • 

9 
13 

8 

37 
•5 

38 

A 

•  •  • 

330  0 
3631 
366  0 

337  1 

353 

370 

312      -361 
326     -396 
312     -425 

•  ■  • 

•  •  • 

•  •  • 

7 

14 
13 

•5 
39 
•5 

•  •  • 

•    •    • 

381 

4-26-2 

435 

391 
414 
440 

305     -467 
397      -460 
397     -489 

•  •  • 

•  •  • 

•  •  • 

15 
6 

8 

40 

•5 
41 

i 

■   •   • 

164 

458-5 

481 

480 

458 

476-3 

487-3 

418      -500 
459     -531 
418     -574 

16-2 

■  •  • 
•  •  • 

4 

3 

12 
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I2A 

"i 


13-8 
14-6 

ie-6 

137 
14-7 
16-4 

12-1  -15-9 
13-0  -IB 
U-5  -18-S 

180 
■20-6 
•24-2 

18-4 
20-9 
23-7 

16-8  -20-1 
10      -22  5 

208  -27 -H 

26-4 
28-0 
30-0 

26-2 
28-1 
30-5 

23-5  -33-7 
23-8  -32 
25     -34-1 

33-4 
39-4 
44-1 

34-3 
39-0 
431 

21      -37 
367-44-8 
42-4  -47-1 

46-0 
48-9 
56-2 

48-3 
804 
36-7 

408  -59 
41-8  -59-2 
52     -64 

65-0 
66-0 
76-6 

6-2 -4 
69-2 
747 

69      -78 
64      -«9 
73      -86 

81-6 
90-0 
99-4 

B37 
90-3 
99-4 

71     -«0 
77     -99 
82     -138 

108-7 
106-6 
129-9 

104-9 
115-1 

m-8 

91      -138 
98     -129 
120     -Ul 

133-9 
144-9 
148-0 

136-2 
153  tt 

111-149 
123-173 
131-172 

167-9 
174  4 
190-5 

183-8 
177-8 
186-9 

148-191 
141-198 
170-219 

195-8 
2099 
217-6 

1987 
210-9 
224-3 

171-219 
170-247 
189-282 

240-7 
257-3 
269-0 

238  9 
264-0 
268-4 

191-^278 

206-297 
247-291 

285-4 
279-8 
Sll 

260'S 
298  4 
308-3 

262-318 
268-290 
247-347 

327 

323-8 

335 

318-3 
333-4 
338-4 

304-368 
311-333 
304-383 

370-7 
330 

363-2 
379-9 
402-8 

304-396 
325-347 

8 

11 

24 

10 

8 

6 

12 

i" 

8 

6 

11 

9 

3 

10 

4 

4 

4 

2-7 

9 

4 
U 

10 

9 

8 

15 

7 

6-9 

8 

9 

18 

5 

8 

11 

6 

9 

7 

8 

9-8 

6 

7 

6 

4 

6 

6 

2 
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Part  IIL — Tiveaty-second  Anniud  Btport 


COMMON  DA^— continued. 


Length. 

W 

eight 

in  Grammes. 

Averajje 
Weight 

in 
Ounces. 

No  of 
Fish. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

34 

•5 
35 

i 

•  •  • 

455 

474-5 

445-7 

422-9 

!     449-4 

469-8 

450-460 
439-510 
389-481 

a  •  • 

15-1 

2 
2 
3 

•5 
36 
•5 

•  • . 

14A 

468-7 
505 

•  •  • 

479-1 
:     487 
501-2 

389-573 
446-559 

1            •  ■  ■ 

... 

4 

3 

37 

•5 
38 

•  •  • 

514-3 
517 

522-9 
549-3 
577 

446-552 

a  •   • 

•  ■   a 

a   a   • 
«    •    > 

•  •   • 

3 

1 

a  a  • 

•5 
39 
•5 

•  •  • 

637 

•  ■  • 

•  •  • 

•  a   < 

693-5 

a  •  • 

•  •  • 

... 

I 

40 

•6 
41 

1 

•  •  • 

164 

750 

•  •  • 

... 

1 

! 

a  a  a 
a  •  • 

*  a  • 

*  %   • 

I 

*  •  a 

26-5 

*  a  • 

i 

•5 
42 

•  •  • 

a   •   • 

•   •    ■ 

... 

a  •   • 

a  a  a 

•  •  a 

i 

a  a   a 

FLOUNU 

ER. 

11 

•6 
12 

•  •    • 

a   •   • 

•  •    a 

■  ■  ■ 
•  •  • 

a  •  • 

a  a  • 
•   •   > 

•5 
13 
•5 

•  a   ■ 

a   ■   • 
•   •   • 

■   a   • 

•  •   • 

a  a   a 

a  a   • 

a   a   a 

a  •   • 

14 

•5 
15 

•  •   • 

i 

•  •    • 

31-3 

■   •   ■ 

•  •   a 

•  a    a 

•  a   a 

a  a  a 
a   •    a 

•  a  • 

1 

•5 
16 
•6 

•  ■  • 
»  •   • 

•  a  • 

•  «  a 

•  •  ■ 

•  ■ 

•  a   a 

•  a   • 

•  •  a 
a  •   • 

■  •  a 

a  ■   a 
a  a  a 

17 

•5 
18 

H 

•  •  • 

7* 

•  •  a 

•  •  • 

•  •  • 

•  •    • 

•  •   • 

•  a  • 

a  a  • 

•  a  • 

•  •  a 

a  •  ■ 

•  •  a 

•  •  a 

• 

•o 
19 
•6 

•  •   • 

•  •   • 

*  •  a 
«  •  a 

•  •  • 

•  a   a 

•  a    • 

•  •  • 

•  •  • 

•  •   • 

•  •  • 

•   •  • 

•  •  • 

•  •  • 

20 

•6 
21 

I 

•  •  • 

8i 

78-7 

•  •  • 

8 

5-4 

66-85 

•  •   a 

2-8 

a   a   • 

•  •   • 

3 

•  •   a 

•5 
22 
•6 

•  •   • 

•  •  • 

92 

•  a  • 

124 

93*5 
103 
118 

•  a    • 

144l'l84 

•   •   • 
a  •  • 

1 

a  a  • 

2 
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FLOUNDER—con/inMec^. 


Lien( 
In  Cm. 

1 

5th. 

In 
Inches. 

Weight  in  Grammes. 
Average.    ^^^^^        Range. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

1 
23 

•5 
24 

94 

■  •  • 

•  •  • 

•  •    • 

•  •   • 

126-7 
135-5 
141-2 

•  •  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  • 

•  • 

•5 
25 
•5 

•  •  • 

3 

•  •  » 

147 

•  •  * 

150 
162 
170 

137-157 

•  •  « 

•  •  • 

>  •  • 

5-7 

•  •  • 

2 

•  «  • 

•  •  ■ 

26 
•5 

27 

"8 

177 

•  •  • 

191 

176 
184 
197-7 

170-184 
170^212 

•  •  ■ 

•  •  • 

« •  • 

2 

•  •  • 

2 

•5 

... 
11 

•  •  • 

219-5 
218 

209-3 
2231 
235-6 

219-220 
184-234 

•  ■  • 

•  a  • 
■  •   • 

•  «   • 

2 
4 

•  •  • 

29 

•5 
30 

•  •  • 

(1 

245-7 
276 

247-7 
261-8 
279-4 

241-248 

•  •  • 

•  •  « 

•  •   • 

9-8 

3 

■  •  • 

1 

•5 
31 
•5 

•  •  • 

12,', 

•  •   ■ 

276 
313-7 

•  •  ■ 

294*4 
309  3 
324-4 

*297^^ 

•  • « 

•  •  • 

•  •  • 

•  •  ■ 

1 
3 

•  •  • 

32 

•6 
33 

•  •  • 

13 

308 
403 

340-5 
355*5 
372-3 

304-312 
347^1 

•  •  • 

•  ■  • 

a  •  • 

2 

•  •  • 

3 

•5 
34 
•5 

•  •  • 

1 

•  •  • 

430 
415-7 

400-9 
4102 
425-1 

382^3 
354-481 

•  •  ■ 
«  ■  • 
■  •  • 

•  •  • 

3 

4 

35 

•5 
36 

i 

14A 

449-5 

•  •  • 

467 

4401 
458  2 
482-8 

439-460 

•  •  • 

•  •  • 

15*9 

•  •  • 

•  •  • 

2 

•  •  • 

1 

•5 
37 
•5 

•  •  • 

A 

•  • 

•  •  • 

580* 

523-3 
543-1 
5611 

•  •  • 

538^23 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  a 

2 

38 

•5 
39 

588 

•  •  • 

•  •  • 

583-9 
606-6 
625*3 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  ■  * 

1 

•  •  • 

•  •  • 

•5 
40 
•5 

•  •  • 

662-5 

•  ■  • 

643-9 
683*5 
702*2 

560^765 

•  •  • 

•  >  • 

23*4 

•  •  • 

■  •  • 

2 

•  •  • 

41 

•5 
42 

1(4 

•  •  % 

... 

•  •  ■ 

821 

741-7 
781*3 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 
« t  • 

•  •  • 

•  •  • 

•  • 

I 

•5 

•  •  • 

• «  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 
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Part  liL — Tweniy-secoTid  Annvxd  Report 


LITTLE  SOLE. 


Length. 


In  Cm. 


In 
Inches. 


Weight  in  Grammes.* 


Average. 


Smoothed 
Average. 


Range. 


Average 
Weight 

in 
Ounces. 


No.  of 
Fish. 


6 


8 


9 

« 

10 


11 


12 

■ 

13 


21 

•  • 

■  ■ 

3* 

•  • 


2-72 
3-22 

4-28 
518 
615 

7-7 
8-75 
110 

12-57 

14-4 

14-9 


3-5 

4-23 
5-20 
6-34 

7-53 

918 

10-77 

12-96 
13-96 


2-4-  3-0 
3-0-  3-4 

3-8-  4-8 
4-3-  5-8 
5-0-  7-3 

6-9-  9-2 
7-8-10-0 


12-1-13-2 


•09 


•18 


•5 


4 
6 

9 

5 
o 

11 

11 

1 

3 

1 
1 


TURBOT. 


25 

i 

26 


27 


28 

i 

29 


30 


31 
32 


33 


34 
35 


36^ 


94 

•  • 

101 


11 

>  • 
•  • 

I 

i 

13 
I 

■ 

i 

14iV 


810-6 
828 

«  •  ■ 
•  •   • 

951 

•  •  • 

991 


890 


971 
1000 


750-871 


828-1090 


29-2 


3 
1 


of  the  Pish  cry  Board  for  Scotland, 


TURBOT-  coiUinutfl. 


217 


Length. 


In  Cm. 


In 
Inches. 


37 

38 


•5 


J9 


•5 


40 


•i) 


41 


42 


43 

■ 

44 


•6 


•5 


45 


46 

t 

47 


48 


•6 
•5 


49 
50 


51 


•5 


52 
53 


•5 


54 


55 
56 


•o 


57 


•5 


58 

■ 

59 


•5 


•  •  • 

•  •  • 

15? 

•  •  • 

i 

•  •  • 

16i 


•  •  • 

17i 

■  •  • 

•  •  * 

18J 

•  •  • 

•  •  • 
• « • 

•  •  • 

•  •  • 

20iV 

•  •  ■ 

•  •  ■ 

I 

•  •  • 

211 


22-,V 


-■V 


1 


2^ 


Average. 


1034 
1143 

1147 
1175 


1827 


2520 


2706 


3399 


3483 


Weight  in  Grammes. 

^     Smoothed          r>„„..« 
''     Average.           ^"«^- 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

1039 
1072 
1108 

•  a   « 

1090^1289 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 
4 

115 

5 

■  t  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

1 
1 

•  a  • 

•  •  • 

•  •  ■ 

•  ■  • 

•  •  ■ 

64-5 

•  •  ■ 

"i 

•  t  ■ 

217 

3 

■   •    • 

•  t  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  at 

•  •  • 

•  •  • 

t  •  • 
•  •  • 

1 

2613 

•  •  • 

•  •  • 

•  •  • 

95-5 

•  •  • 

1 

• » • 

•  •  • 

a  •  • 

3052* 

•  ■  • 

•  •  • 

a  a  a 
a  •  a 

•  •  ■ 

•  •  • 

•  ■  • 

•  •  • 

a  a  a 
a  a  a 

•  •  • 

•  •  • 

1 

•  •  • 

3441 

•  •  • 

•  a  a 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  » 

12-3 

• « • 

■  ■  a 
m  •  • 

1 

•  •  a 

•  •  • 
■  •  • 

4300 

•  •  • 

•  ■  • 

•  •  • 

a  a  • 
•  a  a 

a  a  a 

»   •    ■ 

■  •  ■ 

a  a  • 
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Part  IlL — Ttventy-secoiid  Annual  Mepoii 


TUBBOT—cantintud, 


Length. 


In  Cm. 


In 
Inches. 


Weight  in  Grammes. 


Average. 


Smoothed 
Average. 


Range 


Average 
Weight 

in 
Ounces. 


No.  of 
Fish. 


•5 


60 


61 
62 


•2 


•6 


63 


64 
65 


.5 


66 


67 
68 


69 


70 

« 

71 


72 


73 

■ 

74 


•6 


76 


•6 


76 

77 


78 


79 
80 


81 


82 


24 


A 


25 


i 

•  ■  ■ 

•  •  • 

•  •  • 

it 

•  •  • 

27 

•  •  • 
■  •  • 


16 


•  «  • 

29-,', 

•  •  • 

i 


301 


•  ■  • 

•  •  • 


5117 


5317 


5217 


6376 


6301 

•  •  • 

8569 


8921 


7435 


8745 


5268-5367 


187-7 


•  •  • 

•  •• 

•  •  • 


11533 


10227 


315 


10323-12121 


407 


of  the  Fishery  Board  for  Scotland, 


2id 


BRILL. 


Length. 


In  Cm. 


25 

« 

26 


27 


•o 


28 

■ 

29 


30 


31 
32 


33 


34 

« 

35 


36 


37 

38 


•o 


39 


•6 


40 
41 


42 


43 


44 


45 


46 

47 


In 
Inches. 


lOJ 


11 


•  •  • 

•  •  • 

•  •    » 

i 

•  •    • 

13 


i 

"i 


•  •  • 

•  >  • 

15i 


1^ 


I'V 


171 


•  •  • 


Weight  in  Grammes. 


Average. 


Smoothed 
Average. 


248 
301 


315 

344-7 

351-7 

336 
368 
377-5 

397-3 
444-4 

478-4 

490-2 
517-4 
545-2 


580-7 

•  •  ■ 

659*3 

708 

•  ■  • 

830 


917 
947 

995 

991 

1079 

1085 


1169 


1373 


1503 


283-7 
302-2 

320-6 
337-1 
344-1 

351-9 
360-5 
380-9 

406*4 
440-3 
471-0 

495-3 
517-6 
542 

562*9 
687-9 
622 

655 
683 
720 

769 
824 
873 


912 
953 

978 
1022 
1052 


Range. 


24a-  339 


312-  319 
319-  368 
326-  389 

311-  361 
347-  396 
328-  432 

318-  481 
396-  552 
411-  516 

474-  410 
460-  552 
524-  580 


566-  595 

•  •  • 

583-  729 
701-  715 

821-839 


879-  962 
874-  984 

935-1055 

977-1005 

1019-1140 

981-1189 


1097-1281 


1451-1557 


Average 
Weight 

in 
Ounces. 


13-0 


23*3 


361 


41*3 


63-1 


1 
4 


2 
3 
3 

2 
3 

4 

6 
5 

8 

4 
5 
4 


3 
2 

•  • 

3 


4 
4 

2 
2 
2 


1 
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Pari  III. — ftventy-second  Annual  Repoii 


BRILL — continued. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
FiHh. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

•5 
48 
•5 

•  •  • 

1565 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  ■ 

■  •  • 

■  •  « 

1 

•  •  • 

49 

•6 
50 

1»A 

•  •  • 

1940 

•  •  • 

•  •  • 

1699-2181 

68-5 

•  •  • 

•  • « 

2 

a  •  • 

•  m  • 

•5 
51 
•5 

•  •  • 

•  •   ■ 

2145 

•  •  • 

2117 

■  •  • 

•  •  • 

•  •  • 

1 

a  a  • 

1 

52 

•5 
53 

•  •  • 

i 

2145 

•  •  t 

•  •  • 

•  •  • 

•  •  ■ 
• «  • 

1 

•  a  • 

•  m  * 

•5 
54 
•5 

•  •  • 

211 

•  ■  • 

•  •  t 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  a 

•  a  • 

•  •  • 

•  a  • 

HALIBUT. 

21 

•5 
22 

84 

•  •  • 

•  •  • 

•  •  • 

84 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

3-0 

•  •  • 
a  •  • 

1 

•5 
23 
•5 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

113-5 

•  •  • 

•  ■  • 

•  a  • 

•  a  • 

a  •  • 
a  a  a 

24 

•5 
25 

•  •  • 

1 

•  •  • 

143 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

5-0 

a  a  a 
•  at 

1 

•5 
26 
•5 

•  •  • 

10* 

•  •  • 

•  •  • 

153 

•  •  • 

148 
169-2 

•  a  • 
■  •  a 

9    9* 

1 

a   a   • 

27 
•5 

28 

i 

•  «  • 

11 

•  •  • 

171 
196 

■  •  • 

196-3 

192^201 

•  a  • 
»  •  • 

6-9 

a  a   • 

1 

2 

•5 
29 
•5 

•  •  • 
■  •  • 

204 

■  •  • 
•  •  • 

•  •  • 

238 

•  •  t 

•  •  • 

•  •  • 

•  a  • 

1 

•  a  a 

30 

•5 
31 

•  •  • 

12A 

272 

•  •  ■ 

•  •  • 

•  •  % 

•  •  • 

•  •  t 

9-6 

a  •  • 

1 

•  a  • 

•  a  a 

•5 
32 
•5 

•  •  • 

8 

•  ■  • 

•  ■  ■ 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

a  «  • 
a  a  a 
•  •  a 

a  a  • 

•  a  • 
a  a  a 

33 

•5 
34 

13 

•  •  • 

•  •  • 

a  •  • 

•  «  • 

355-5 

•  •  • 

ft  •  ■ 

•  •  a 
m  9  * 

•  ■  a 

•  •  a 

•  •  ^ 
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Part  III. — Twenty 'Second  Anniial  Report 


'RALIQUT— continued. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

•  •  • 

1 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

•5 
100 
•5 

39i 

•  •  « 

•  •  • 

10534 

•  ■  • 

10501 

372 

•  •  • 

101 

•5 
102 

•  •  • 

40i 

•  ■  • 

9230 
10591 

10468 

•  •  ■ 

10478-11385 

•  • 

•  ■  • 

•  •  • 

3 
1 

1 

•5 
103 
•5 

» •  • 

a  B  • 
•  •  • 

•  •  • 

•  •  • 

•  • « 

•          •  •  • 

12597 

•  •  • 

444-8 

•  •  a 

•  •  • 

a  •  • 

104 

•5 
105 

401 

•  •  • 
t  •  • 

■  •  • 
•  •  • 

■  •  • 

•  •  • 
>  •  • 

•  t  • 

•  •  t 

•  •  • 

•  •  • 

a  •   a 
•  a  a 

•5 

•  •  ■ 

14726 

•  •  » 

•  •  • 

1 

112 

•5 
113 

44i 

•  •  • 

•  •  • 

14839 

■  •  • 

•  •  • 
■  •  • 

•  •  * 

524 

•  •  ■ 

a  •  • 

1 

a  *  • 

119 

•5 
120 

•  •  • 

•  •  ■ 

47i 

18271 
20787 

•  ■  • 

20152 

17252-19291 

•  ■  • 

•  •  • 
«  •  • 

a  «  ■ 

2 
1 

•5 
121 
•5 

•  •  • 

•  •  • 
■  •  • 

20844 
21693 

20399 
20979 
21399 

•  •  • 

736 

•  •  • 

•  •  a 

1 
1 

122 

•5 
123 

48 

■  •  • 
•  •  • 

22487 

22090 
22288 

•  •  • 

•  •  • 

■  ■  • 

•  • 

•  •    • 

•  •  • 

1 

126 
•6 

•  •  • 

28160 

«  •  • 
•  ■  • 

•  •  • 

•  •  • 

i 

134 

•5 
135 

52| 

•  •  • 

•  •  • 

25375 
29453 

27414 

•  • « 

•  •  • 

968 

1 

• » • 

1 

L0> 

rO  ROUGI 

I  DAB. 

4 

•5 
5 

•  •  • 

2 

•33 
•61 

•  •  • 

•  •  • 
« •  • 

•  •  ■ 

•49^      -53 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

2 

•5 
6 
•6 

•  •  • 

8 

•  •  • 

•97 
1-2 
1-6 

•  •  • 

1-3 
1-63 

•89-       1 
11  -     1-4 
1-2  -    1-85 

•04 

•  •   a 

4 

5 
9 

7 

•5 
8 

I 

■  •  • 

34 

1-86 
2-26 
2-76 

1-93 
2-31 
2-68 

1-7  -    20 
19  -    2  8 
2-4  -    31 

•  •  a 

•  •   • 

•09 

15 
18 
16 

oj  the  Fi&hei'y  Board  for  Scotland. 
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LONG  ROUGH  DAB— continued. 


Leii 

gth. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 

In  Cm. 

In 

Inches. 

Average. 

Smoothed 
Average. 

Range. 

Fish. 

•5 
9 
•5 

•  •  • 

31 
4-35 

4-8 

3-55 

3-9 

4-97 

2-9  -    3-7 
3-9  -    50 
41  -    6-0 

■  •  • 

•  •  • 

•  •  • 

7 

6 

11 

10 

•5 
11 

5-6 
6-6 
7-3 

6-7 
6-5 
7-85 

4-6  -    6-8 
5-4  -    7-8 
5-6  -    8-6 

•2 

•  •  • 

■  •  • 

17 
20 
20 

•5 
12 
•5 

•  •  • 

•  •  • 

9  1 

9  5 

11-9 

8-41 
10-5 
11-6 

6-8  -  10-5 
7-9  -  11-7 
9-9  -  13-6 

•  •  • 

•  •  • 

13 
14 
14 

18 

•5 
14 

64 

■  •  • 

i 

13-8 
14-8 
17-3 

13-3 
15-5 
16-5 

12-9  -  15-6 
12-2  -  18-2 
14-2  -  19-7 

•  •  • 
■  •  • 

•  •  • 

11 
16 
12 

•5 
15 
•5 

*  •  ■ 

i 

•  •  • 

18-2 
22-8 
25  0 

200 
21-6 
25-3 

17-20 
18-3  -  24-9 
23-7  -  26-4 

•  ■  • 

•8 

a   •   • 

5 
5 
9 

16 

•5 
17 

6A 

•  •  • 

27-9 

29-38 

32-3 

27-2 
301 
32-4 

25-4  -  331 
25-6  -  32-7 
27-4  -  38 

•  ■  • 

•  •   • 

•  •   • 

7 

10 
14 

•5 
18 
•5 

•  •  • 

n 

•  ■  • 

35-2 
39-5 
45-7 

35-9 
40-4 
43-8 

32     -  39-2 
34-7  -  47-4 
41-9  -  50-7 

i-4 

5 
9 
5 

19 

•o 
20 

i 

"i 

48-1 
55-3 
59-4 

50-5 
53-7 
58-5 

45     -  521 
42     -  58-5 
56     -  61-4 

•  •  • 

21 

6 

8 
4 

•5 
21 
•5 

■  •  • 

•    ■    • 

61-7 

77-8 

68-6 
74-2 

56-9  -  66-5 

•  •  ■ 

•  •  • 

•  ■  • 

•  •  ■ 

2 

•  ■  • 

1 

22 

•5 
23 

■  •  • 

94 

86-8 

89-4 

106-0 

83-6 

96-4 

103-2 

81-4  -  96 

81-8  -  97 

105      -107 

•  •  • 

5 
2 
2 

•5 
24 
•5 

•  >  • 

•  •  ■ 

117 
122 

•  ■  • 

114-0 

•  •  • 

121      -123 

•  •  • 

4-3 

1 
2 

» •  • 

25 

} 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

•5 
26 

•  •  • 

lOJ 

168 

•  •  • 
■  •  • 

5-9 

•  •  ■ 

1 

•5 

27 
•5 

"» 

170 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 
»  •  • 

1 

a  •  • 
•  a  • 

28 

11 

•  •  • 

• «  • 

•  •  • 

•  •  • 

•5 
29 

•    •   • 

•  « • 

« •  • 

•  •  • 

•  •  ■ 

•  •  • 

»  •  • 
a  •  • 

•5 

a  •  • 

«  ■  • 

•  •  • 

•  •  • 

•  •  a 

•  •  • 
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Pari  III. — Tweniy'Second  Annual  Report 


WHITING. 


Length. 


In  Cm. 


In 
Inches. 


Weight  in  Grammes. 


Average. 


Smoothed 
Average. 


Range. 


Average 
Weight 

in 
Ounces. 


No.  of 
Fish. 


6 

2| 

•6 

•  •  ■ 

7 

i 

•5 

•  •  • 

8 

3i 

•5 

•  •   • 

9 

A 

•5 

•  •  • 

10 

H 

•5 

•  •  • 

11 

4A 

•5 

•  «  • 

12 

f 

•5 

■  •  • 

13 

61 

•6 

•    •    • 

U 

1 

s 

•5 

•  •  • 

15 

\ 

•5 

•  m  • 

16 

^, 

•5 

•  •  • 

17 

H 

•5 

•  •  • 

18 

71 

•5 

•  •  • 

19 

i 

•5 

■  •   • 

20 

i 

•5 

•  •  • 

21 

»i 

•5 

•   •  « 

22 

H 

•5 

•  •  • 

23 

9i 

•6 

•   •  • 

24 

A 

•5 

•  ■  « 

25 

i 

•5 

•  •  • 

26 

10* 

•5 

•  •  • 

27 

i 

•5 

•  •  • 

28 

11 

1-5 

•  •  • 

•  •  ■ 

3-4 

•  •  • 

4-3 

51 
6-0 
7-4 

8-0 
9-25 
10-4 

12-8 
141 
15-5 

17-7 
19-0 
21  1 

23-3 
27  0 
29-6 

31-4 
35  6 
38*6 

40-5 

•  •  • 

471 


53-2 
58-6 

61-3 
66-5 
741 

77-4 
85-7 
941 

102-4 
110-6 
118 

125-2 
137-7 
145-4 

1551 
172-4 
176-9 


51 
5-8 
7-1 

8-2 

9-2 

10-8 

12-4 
14-1 
15-8 

17-4 
19-3 
211 

23-8 
26-6 
29-3 

32-2 
35-2 
38-2 

41-3 

44*1 
47-8 

50-7 
54-0 

57-7 

621 
67-3 
72-7 

79-1 
85-6 
93-9 

102-4 
110-6 
118-2 

127-3 
136-1 
146-1 

157-6 
168-1 
1781 


3-9  -  4-6 

4-4  -  5-8 
5-4  -  6-4 
6-8  -  8-8 

7-3  -  8-5 
8-0  -11-12 
9-8  -10-9 

11-4  -17-6 
13  3  -15-4 
13-4  -17-5 

16-5  -20-2 
171  -20-5 
17-6  -24 

22     -27 
24     -33-5 
26-5  -33-5 

29-5  -34-8 

32  -38-5 

33  -44 

36-4  -47 
40-5  ^2 


49-5  -58-6 
50-7  -71 

52    -  68-6 
66-67 
64    -  85 


65 
72 

82 

83 
101 
102 

107 
121 
136 

154 
148 
157 


-  88 

-  95 
-101 

-111 

133 

-134 

-149 
-158 
-157 

-177 
-190 
-213 


-26 


.8 


4-2 


1 

•  •  • 

4 

7 

12 
5 

8 
6 
8 

7 

7 

11 

11 
10 
10 

6 
6 

7 

3 

4 
5 


5 


5 
4 

11 
2 
9 

19 
14 
19 

12 

9 

15 

14 

10 

9 

12 
14 
14 
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WmiTWO, --continued. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

•5 
29 
•5 

•  •  • 

A 

•  •  • 

185-2 
191-0 
2051 

187-7 
193-8 
202-2 

159   -205 
165   -205 
199   -213 

•  •  • 

•  •  • 

•  •  • 

6 
14 

7 

30 

•5 
31 

ISA 

210-6 

225 

239-4 

213-6 

225 

237 

188   -228 
223    -255 
217    -276 

7-6 

•  •  • 

•  •  • 

11 

7 

13 

•6 
32 
•5 

ft  •  • 

247 
271 
274 

252-5 

264 

272 

252   -273 
242   -331 
256   -312 

•  •  • 

•  •  • 

•  •  • 

9 

8 

10 

33 

•6 
34 

13 

•   •    • 

f 

270 
293 
312 

279 
292 
309 

263   -354 
306   -361 

•  •  • 

•  •• 

•  •  ■ 

4 
9 
6 

•6 
35 
•5 

i 

■  •  • 

•  •  t 

332 

•  «   k 

322 
332 
341 

298    -Ull 

•  •  • 

•  ■  • 

12-0 

•  •  • 

%  m  % 

8 

•  •  • 

36 

•5 
37 

HA 

... 

351 

378 

•  •  • 

357 
378 

•  •  • 

341    -^32 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

8 

•  •  • 

•6 
38 
•5 

... 

■  •  • 

•  •  • 

407 
430 

392 
407 
428 

•  •  • 

400   '-^24 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2 

4 

39 

•5 
40 

151 
1 

446 
609 
513 

462 
504 

•  •  • 

404    -524 
474    -545 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

5 
2 

1 

•5 
41 
•5 

«   •    • 

164 

•  •    • 

538 
546 

•  •  • 

542 

•  •  • 

586 

•  •  • 

•  • 

•  •  • 

•  •  ■ 

1 
7 

•  «  • 

42 

•5 
43 

A 

a  •  • 

•  •  • 

613 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

517   *-^0 

•  •  • 

•  •  ■ 

•  •  • 

•  It 

•  •  • 

4 

«  •  • 

•5 
44 
•5 

•  •  • 

17« 

•  •  • 

•  •  • 

569 

■  •  • 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  ■ 

•  •  • 

•  a  • 

1 

•  •  • 

45 

•5 
46 

1 

•  •  t 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•5 

47 
•5 

■  •  • 

i 

•  •  • 

•  •  • 

903 
859 

•  •  • 

•  •  • 

893 

•  •  • 

723   -977 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

3 

•5 
49 

19A 

984 

•  •  • 

•  •  • 

« •  • 

•  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  • 

•  •  • 

•6 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 
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Part  III. — Twenty 'Secoiid  Annual  B^ort 


HADDOCK. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

No.  of 
Fish. 

In  Cm. 

Tn 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

in 
Ounces. 

6 
•6 

7 

21 

•   «   • 

i 

•  •  • 

•  fl  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  » 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  t 

•6 
8 
•5 

•  •  • 

34 

•  •  • 

•  •  • 

•  •  • 

4-6 

t  •  • 

•  •  • 

•  •  • 

•  •  t 

•  •  • 

t  •  • 

•  •  • 

•  •  • 

•16 

•  •  • 

•  •  • 

1 

9 

•5 
10 

A 

•  »  • 

•  •  • 

61 

7-2 

5-3 
6-3 

7-8 

5-6  -    6-6 

7-0  -    7-4 

•  •  • 

-22 
•25 

•  •• 

5 
2 

•5 
11 
•5 

•  •  « 

•  •  • 

91 
10-2 
12-0 

8-8 
10-8 
11-9 

8     -    9-8 

9-6  -  11-5 

11-1  -  12-7 

■  • 

•  • 

•  • 

8 

4 

12 

12 

•6 
13 

1 

•  •  • 

13-5 
15-4 
17-2 

13-6 
15-4 
17-6 

12-1  -  14-5 
14-6  -  16-5 
16     -  18-2 

•  • 

•  • 

•  « 

9 

8 

10 

•6 
14 
•6 

•  •  • 
■  •  • 

201 
221 
25-0 

19-8 
22-6 
25-2 

18-2  -  23-6 
20     -  25-5 
22-9  -  31-2 

•  • 

•  ■ 

•  • 

12 

8 

17 

15 

•5 
16 

1 

•  •  • 

6A 

28-0 
31-4 
33-7 

28-3 
31-0 
33-8 

24     -  30-3 
29-8  -  35 
31-6  -  35-1 

•£ 

•  • 

•  • 

^9 

16 
16 
12 

•5 
17 
•5 

•  •  • 

•  •  • 

36-3 
39*8 
43  0 

36-6 
39-7 
44-0 

32-3  -  40-3 
38-6  -  43-5 
38     -  48-5 

•  • 

•  • 

•  • 

16 
21 
19 

18 

•6 
19 

74 

•  •  • 

49-2 
52-7 
67-2 

48-3 
53-0 
56-5 

44     -  53-5 
48-1  -  59 
51-8  -  61 

•  • 

•  • 

22 
28 
18 

•5 
20 
•5 

•  •  • 

i 

•  •  • 

59-7 
67-4 
70- 1 

61-4 
65-7 
70-3 

55-2  -  68-3 
64-2  -  73 
68-6  -  71 

2-4 

\ 

13 

11 

3 

21 

•5 
22 

84 

■  •  • 

44 

73-3 

•  •  • 

92-7 

75-4 
82-8 
91-4 

72-4  -  76 
91-6-94-5 

•  •  ■ 

•  •  1 

•  •  1 

6 

•  •  • 

3 

•5 
23 
•5 

•  •  • 

84 

•  •  ■ 

98*8 
100-7 
108-3 

97-4 
102-6 
109-3 

90-5  -106-3 
96-5  -105 
99-5  -122-5 

•  •  • 

•  •  1 

3 
2 

10 

24 

•5 
25 

•  •  • 

1 

119-0 
127-6 
142-5 

118-3 
128-7 
140  2 

112     -127 
114-5  -135-6 
126     -162 

•  •  1 

•  •  « 

5-C 

13 

3 

7 
15 

•6 
26 
•5 

•  •  • 

104 

•  •  • 

150-5 
157-5 
164-0 

150-2 
157-3 
165-6 

131-6  -177 
138     -184 
148     -184 

••• 
••• 
••  • 

23 
24 
23 

27 
•5 

28 

«  •  • 

11 

175-3 
184  4 
192-7 

174-6 
184-1 
194*9 

161-206 
162-206 
176-219 

••• 

••« 
••  • 

30 
19 
17 

of  the  Fishery  Board  for  Scotland. 
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nADDOCK—eontinued. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 

Inches. 

! 

Average. 

Smoothed 
Average. 

Range. 

•5 
29 
•5 

•  •  • 

•  ■  • 

207-7 
2160 
227  8 

2a5  5 
217-2 
228-4 

170-229 
198-238 
207-267 

•  •  ■ 

•  •  • 

•  •  • 

17 
13 
14 

30 

•6 
31 

•  •  • 

12W 

241-4 
260-7 
265-8 

243-3 
256-0 
271-7 

213-269 
241-284 
238-304 

8-5 

•  •  • 

•  •  • 

18 

14 

9 

32 
•5 

•  •    • 

•  •  I 

288-5 
289-9 
300-6 

281-4 
293  0 
3051 

240-347 
255-307 
247-347 

•  •  • 

•  •  • 

•  •  • 

9 

8 

19 

33 

•6 
34 

13 

a   •   • 

i 

324-8 
332-7 
350-9 

319-0 
3361 
349-9 

276-368 
297  385 
311-412 

•  •  • 

•  •  • 

•  •  • 

13 

9 

20 

•5 
35 
•6 

•  •  • 

i 

•  •  • 

366-2 
384-5 
402-3 

367-2 
3810 
405-8 

325-432 
318-432 
325-496 

•  •  • 

13-6 

•  •  • 

15 
12 
12 

36 

•5 
37 

14A 

•  •  • 

A 

430-7 
442-6 
461-8 

425-2 
445-0 
465-9 

361-517 
389-510 
420-509 

•  •  • 

•  •  • 

•  •  • 

14 
10 
10 

•5 
8 
•5 

*  •  • 

•  • « 

493  3 
502-5 
550-9 

485-9 
515-6 
542-1 

432-588 
417-559 
467-616 

•  •  • 

•  •  • 

•  •  • 

12 
12 

7 

39 

•5 
40 

158 

•  •  • 

572-8 

591 

573-5 

571-6 
579-1 
591-6 

523-637 
530-641 
573-574 

•  •• 

20^ 

6 
7 
2 

•5 
41 
•5 

•  ■  • 

610-3 

631 

667-9 

604-9 
636-4 
681-2 

523-696 
549-736 
566-782 

•  •  • 

•  •  ■ 

•  •  ■ 

11 

5 

10 

42 

•5 
43 

« •  • 

744-7 
751-7 

698  8 
731-5 
750-1 

722-785 
715-864 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

3 
9 

•5 
44 
•6 

•  •  • 

•  *  • 

754 
798 
780 

737-9 
777-6 
802-3 

750-769 
730-892 
715-860 

•  •  • 

•  •  • 

9    •    • 

2 

4 
4 

45 

•5 
46 

i 

■  •  • 

184 

•  •  • 

878 
856 

828-2 
854  1 
873-8 

•  •  • 

•  •  • 

•  •  • 

29-2 

■  •  ■ 
•  •  • 

•  •  • 

1 
1 

•6* 

47 
•5 

•  •  • 

i 

•  •  • 

887 
1060 

934-4 
1013-5 
1046 

729-1027 
870-1191 

•  •  • 

•  •  • 

•  •  • 
■  •  • 

3 
3 

•  •  • 

4g 

•5 
49 

i 

19A 

1033 
1063' 

1042 
1048 
1095 

976-1090 
948^1182 

•  •  • 
• « • 

•  •  • 

2 

•  •  • 

4 

•5 
50 
•5 

•  •  • 

•  •  ■ 

» •  • 

•  •  • 

•  •  • 

1117 
1171 

•  •  • 

■  •  • 
» •  • 
•  •  • 

41-3 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Annual  Report 
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HADDOCK— coftrinved. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

•6 

74 
•5 

•  •  • 

It 

•  •  • 

3691" 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

300^^290 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  • « 

3 

■  •  • 

75 

29A 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

COD. 

2 

•5 
3 

•  •  • 

lA 

•  •  • 

•11 
•18 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

1 

1 

•5 
4 
•6 

•  •  • 

A 

•  •  • 

•87 
•65 

•  •  • 

•63^'     ^67 

«  •  • 

■  •  • 

•  •  • 

•  •  ■ 

1 
2 

•  •  • 

5 

•5 
6 

2 

■  •  • 

1-04 

•  •  • 
t  •  • 

1-01      1-07 

•  •  • 

•  •  • 

•  ■  • 

■  •  ■ 

•  •  • 

2 

•  •  • 

•  •  • 

•6 

7 
•6 

•  *  • 

•  •  • 

•  •  • 

•  •  • 

•  t  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •• 

8 

•5 
9 

3i 

•   •    • 

A 

44 

4^65 

6-0 

•  •  • 

5^01 
578 

43  -    44 
4-6  -    4-7 
5-4  -    68 

•  •  • 

•  •  • 

3 
2 

4 

•5 
10 
•5 

■  •  • 

1* 

•  •  • 

67 
7-8 
93 

6-83 
7*93 
9-47 

6^2  -    7-6 
7^1  -    8^9 
84  -  10-2 

•  •  • 

0-3 

•  •  ■ 

8 

7 

4 

11 

•5 
12 

4A 

•  ■  • 

8 

11-3 
12-7 
16-2 

1110 

131 

150 

10-3  -  11-9 
11-7  -  13-5 
143  -  16-5 

•  •  • 

•  •  • 

•  •  • 

12 
9 
5 

•6 
13 
•6 

•  »  • 

•  •   • 

171 
19-7 
213 

17-3 
197 
218 

16-2  -  178 
16-8  -  20-7 
19     -  22-4 

•  •  • 

•  ■  • 

•  • « 

11 
11 

14 

•5 
16 

•  •  • 

24-6 
27-8 
31  1 

24-6 
27-8 
30-7 

21-29 
24^6  -  30-6 
30     -  31^6 

•  •  • 

•  • 

11 

10 

•6 
16 
•5 

6A 

•  •  t 

333 
37-6 
41-7 

34-0 
37-5 
41^2 

30-2  -  355 
34     -  40-5 
40-5  -  43 

•  •  • 

•  • 
• 

2 

17 

•5 
18 

7i 

44-4 
50-0 
53-5 

45*4 
49-3 
54^0 

40-4  -  47-8 
45-6  -  54^5 
50-56 

*  • 

5 
2 
3 

•6 
19 
•5 

•  •  • 

i 

•  •  • 

58  5 
61-7 
685 

67-9 
62*9 
66*8 

58-59 
59-4  -  64 
68-69 

•  1   • 

•  •  • 

•  ■    • 

2 
2 
2 

Annval  Ji^jort 
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Part  III, — Twenty-second  Annual  Report 


COD — continued. 


Length. 

Weight  in  Grammes. 

Average 

Weight 

No.  of 
Fish. 

In  Cm. 

Tn 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

in 
Ounces. 

65 

•6 
66 

i 

•  •  • 

25} 

2588* 
2638 

2569 
2598 
2680 

2153^2838 

•  •  • 

90-7 

•  •  • 

•  •  • 

•  •  • 

3 

•  •  • 

•5 
67 
•6 

•  •  • 

26A 

•  •  • 

2914 

•  ■  • 

2744 

2878 
2975 

2471-2818 
2740-3151 

•  •  • 

•  •  • 

•  • 

a  •  • 

3 
4 

•  •  • 

68 

•5 
69 

A 

•  •  • 

3037 

•  • « 

3101 

302? 
3069 
3116 

2945-3144 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

4 

•  •  a 

1 

•6 
70 
•6 

•  •  • 

27J 

•  •  • 

3179 
3420 

t  •  • 

3233 
3380 
3488 

3038-3384 

•  •  • 

•  •  • 

1261 

•  •  • 

3 

1 

9  m  9 

71 

•5 
72 

! 

•  •  • 

28* 

3567 
3738* 

3581 
3697 
3866 

3413-3639 

•  •  • 

•  •  • 

•  «  • 

•  •  • 

•  ■  • 

3 

■  •  a 

1 

•5 
73 
•6 

•  t  • 

A 

•  •  • 

4161 

•  ■  t 

•  •  • 

3646-4418 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

4 

•  «  a 
1  •  • 

74 

•6 
76 

•  •  • 

29A 

•  •  • 

4074 
4000 

3961^149 
3823-4178 

•  •  • 

•  •  • 

141 

■  a  • 

3 
2 

•6 
76 
•6 

•  •   • 

•  •    • 
f   •  • 

•  •  • 

•  •  • 

•  •  • 
t  •  • 

•  •  • 

■  4 

•  at 

•  •  • 

•  a  • 

77 

•6 
78 

•  •   • 

•  •  • 

•  •  • 

4602 

•  •  • 

•  •  • 

4276-4928 

•  •  • 

•  •  • 

2 

m  •  t 
•  a  a 

•6 
79 
•6 

•  ■    • 

•  1  • 

•  •   • 

4985* 

•  •  • 

4312^^ 

•  •  • 

■  1 

a  •  a 

7 

a  a  ■ 

80 

•6 
81 

•  •  • 

•  •    • 

•  •   • 

• « • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

t  * 

•  •  • 

•  a  • 

•  a  • 

•6 
82 
•6 

«  a  • 

•  •  a 

•  •  • 

6601 
6614 

4027-6642 

t  •  • 

• 

23 

6 

3 

a  a  • 

1 

83 
•6 

84 

•  •  • 

•  *  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  • 

•  •  • 

•  a  • 

9  •  * 

•  a  • 

•6 
86 
•6 

•  •  • 

•  •  • 

•  •  • 

6666 

•  •  ■ 
t  •  • 

6202-7193 

■  •  • 
•  •  ■ 

3 

•  a  a 

•  a  a 

86 
•6 

87 

■  ■  • 

•  •  • 

•  •  • 

6642 

•  •  • 

6486^99 

•  •  • 

•  •  • 

2 

•  a  a 

o/  the  Fishery  Board  for  Scotland. 
COU —  eontintud. 
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Part  III, — Twenty^second  Annual  Report 


COD — comlimud. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 
Inches. 

Average. 

Smoothed 
Average 

Range. 

110 

•  »  • 

•  •  • 

■  •  ■ 

•  •  • 

•  •  ■ 

•  •  • 

•5 

•  •  • 

•  •  ■ 

•  •  • 

•  ■  « 

•  •  • 

•  •  • 

111 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

•5 

•  •  ff 

•  •  t 

•  •  • 

•  •  • 

•  «  • 

•  • « 

112 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

•6 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ft 

•  •  • 

THE  NORWAY  POUT. 

3 

18 

-316 

■  •  • 

•29-     -34 

2 

•6 

•  •  • 

•  •  • 

•  •  • 

4 

1* 

•  •  • 

•  •  • 

•6 

•  • « 

•  •  • 

•  •  • 

5 

2 

•  ■  • 

•  •  • 

•5 

•  •  • 

• « • 

•  •  • 

6 

i 

•   •    9 

•  •  • 

•6 

•  •  • 

•   •   • 

•  t  • 

7 

f 

2-6 

•  •  ■ 

-69 

i 

•6 

9   •    • 

2-9 

2-84 

•  •  • 

1 

8 

3i 

313 

319 

•  •  • 

1 

•5 

•  •  • 

3-55 

3-75 

3-2-3-8 

•  •  ■ 

4 

9 

A 

4*58 

4-56 

3-2  -  5-3 

•  •  • 

13 

•6 

•  •  • 

5-55 

5-49 

4-7  -  6-4 

■  •  • 

13 

10 

H 

6-35 

6-69 

5*5  -  7-0 

•2 

11 

•6 

•  •  • 

7-18 

7-38 

5-3  -  8-7 

•  •  • 

19 

11 

4tV 

8-6 

8  10 

7-3  -  9-6 

■  •  • 

14 

•5 

•  •  • 

9-7 

9-7 

7-3  -10-9 

•  •  • 

17 

12 

f 

10-8 

10-87 

10-3  -11-8 

•3 

9 

•6 

•  •  • 

121 

12-41 

10-9  -12-9 

a  •   ■ 

7 

13 

6* 

14-34 

13-81 

12-7  -15-2 

•  •  • 

5 

•5 

•  •  • 

15 

15-81 

12-4  -17-2 

•  •   • 

11 

14 

\ 

18-1 

17-87 

17-2  -19-2 

■  •  • 

8 

•5 

•  •  • 

20-6 

20-57 

17-8  -26-5 

•  •  • 

14 

15 

i 

231 

23-5 

18-0  -28-2 

•8 

15 

•5 

•  •   • 

27  0 

26-27 

23-6  -20-9 

•  •  • 

10 

16 

6A 

28-7 

29-1 

23-1  -31-7 

•  •  • 

16 

•5 

•  «    • 

31-5 

31-8 

28-7  -35-8 

•  •  • 

7 

17 

H 

35-1 

34-98 

38     -38-4 

•  •  • 

3 

•6 

■  •  • 

38-34 

37-9 

35-7  -41-4 

•  ■  • 

5 

18 

71 

40-3 

41*2 

33-3  -470 

1-4 

5 

•6 

t  •  • 

44-9 

44*6 

•  •  • 

•  ■  • 

1 

19 

i 

48-7 

50-3 

47-4  -501 

•  •  • 

2 

•6 

•  •  • 

57-2 

•  •  • 

572-  -57-3 

•  •  • 

2 

19-8 

•  •  t 

600 

•  at 

•  ■  • 

2*1 

1 

20-2 

t  •  • 

67  1 

•  •  • 

•  •  • 

%  •  • 

1 

of  the  Fishery  hoard  for  Scotland. 
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GUKNARD. 


Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

In 

Inches. 

Average. 

Smoothed 
Average. 

Range. 

4 

•5 
5 

•  •  • 

2 

» •  • 

•71 

•  •  • 

•  •  • 

•  •  • 

•48 

•65^*      -77 

•  •  • 

•  •  • 

•  •  • 

•  •• 

•  a  • 

2 

••• 

•5 
6 
•5 

•  •  • 

§ 

•  •  • 

1-25 

•  •  • 

2  06 

113 
1-65 
219 

1-2  -    1-3 

•  as 

•  a  • 

•04 

•  •  • 

•  •  • 

2 

•  a  • 

1 

7 

•6 
8 

i 

•  ■  • 

3* 

2-87 
3  0 
3-93 

2-64 
3-27 

•  •  • 

2-75-    3-0 
2-9  -    31 
3-6  -    4-2 

•  •  • 

a  a  • 

•  •  • 

2 
2 
3 

•5 
9 
•5 

•  •   • 

■  •  • 

•  •  • 

5-93 

•  •  • 

•  •  • 
» •  f 

5-6-    6-6 

•  •  • 

•  •  • 

•  •  • 

■  a  « 
•  •  • 

3 

10 

•5 
11 

•  •  • 

6-3 

8-7 

100 

6-97 

8-3 

9-87 

•2 

•  •  • 

•  •  f 

1 
1 
1 

•5 
12 
•5 

■  •  • 

1 

•  •  • 

10-9 

t  •  • 
•  •  • 

•  •  • 

•  •  • 

•  •  • 

10-2  -  12-0 

•38 

•  •  • 

•  •  • 

3 

13 

•5 
14 

5* 

•   •    • 

i 

•  • 

•  •  • 

•  •  • 

<  a  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 
• « • 

•5 
15 
•6 

•  •  • 

•  •   • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  a  • 

16 

•5 
17 

6*5 

•  •  • 

•  •  • 

•  •  • 

•  a  ■ 

•  •  • 

••• 

•  •  • 

*  *  '            * 

t  •  • 

•  •  • 

•  •  • 

•5 
18 

•  •  • 

7i 

49-3 

•  • 

t  •  • 
•  •  • 

44      -  54 

1-7 

•  t  • 

3 

•5 

•   ■   • 

•  •  ■ 

•  ■  • 

■  •  • 

19 

•5 
20 

•   •  • 

61 

•  •  • 

•  •  • 

•  •  • 

•  •  t 

•  •  • 

•  •  • 

•  « • 

•  •  • 

1 

•6 
21 
•6 

•  •   • 

81 

•  •    • 

•  •  ■ 

82 
85 

•  •  • 

83*3 

85     -*  85 

•  •  • 

3-6 

••• 
1 
2 

22 

•5 
23 

•  ■   • 

9* 

83-5 

•  •  • 

95, 

85-8 

89 

93 

79-88 

•  a  a 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

2 

•  •  • 

1 

•5 
24 
•6 

•  •   • 

•  •   • 

95 
113-5 

•  •  • 

101 
112 
124 

107     -120 

•  •  • 

•  «  • 

•  •  • 

•  •• 

1 
2 

25 

•5 
26 

•  •    • 

lOi 

135 

•  •  t 

141 

132 
138 

•  a  ■ 

132      -148 

47 

ff  •  • 

•  •  a 

1 

•  •  • 

3 

Part  III. — Tice7Uielh  Anmial  Heport 


■5 
27 
•5 

i 

174-7 

157-7 

163     -tS3 

3 

28 

■e 

29 

11 

"a 

179'a 

177-1 

170     -186 

6 

30 
■6 

"« 

237 

23S' 

200     -255 

Bfl 

"k 

1 

31 

■s 

32 

12A 

"i 

241 
207' 

249 
269 
289-7 

1 
"i 

■fl 
33 
■6 

13" 

309' 
324-3 

303 
312 

285     -^ 
307     -361 

11-4 

"2 
s 

34 

■a 

35 

i 

::: 

■6 
36 
■6 

i*iv 

337' 

1 

37 

•5 
38 

A 

1* 

•6 
39 

■6 

161 

40 

■6 
41 

i 

673 

ao'ij 

"i 

■5 
42 
■6 

"a 

HERRING. 

1-88 
2-91 
4-3 

1 

It* 

0-OlSl 
0-0682 
■32 

-31-      -34 

"iii 

48 
14 

4-8 
8-0 
•5 

^ 

-48 
3-08 
3-8 

'3-03 

■38-      -47 
2-7  -    8-2 
3-6  -    4-0 

■i 

'J 

9 

■a 

10 

A 

41 
4-9 
B-8 

4-27 
4-97 
A-90 

3-4  -    4  9 
4-4  -    5-S 
B-3  -    7-1 

■2 

'1 

o/  th^  Fishery  Board  for  Scotland. 
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Part  III. — Twenty 'Secoiid  Annual  Report 


SPRAT. 




1 



—    ■  —- 

■ 

—     -    - 

Length. 

Weight  in  Grammes. 

Average 
Weight 

in 
Ounces. 

No.  of 
Fish. 

In  Cm. 

Tn 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

4 

•5 
5 

lA 

If 
2 

•50 
•67 

•  •  • 

•67 

•  •  ■ 
•63^*     75 

•  •  • 

'•02 

•  •  • 

1 
8 

•5 
6 
'5 

... 

.. . 

•84 
114 
1-53 

•88 
117 
157 

•7  -  1^0 
•92-  1-3 
1-1  -  2 

•04 

•  •  • 

28 
20 
15 

7 

•6 
8 

•  •  • 

34 

204 
2-48 
290 

2-02 
259 
3-05 

1-6  -  2-3 
2-0  -  2-8 
2-4  -  3-6 

-07 

•  ■  • 

•  •  • 

21 
33 
3S 

•6 
9 
•5 

•  •  • 

•  •  • 

3-76 
4-59 
653 

3  72 
463 
5  66 

3-3  -  4-3 
3-8  -  5-3 
4-9  -  6-5 

•  •  • 

•  •  • 

• « • 

14 
11 
14 

10 

•6 
11 

•  •  • 

4A 

6-56 

8-2 

9-5 

6-76 
8-08 
9  48 

5-5  -  8 
71  -  9-2 
7-8  -11-8 

•23 

• « • 

■  •  • 

12 
20 

27 

• 

•6 
12 
•5 

•  •  • 

i 

•  •  • 

10^75 
12-34 
14^ 

1086 
12-46 
14-34 

97  -12^9 
10-8  -14*2 
12-2  -16  4 

•  •  • 

•4 

•  •  • 

28 
33 
15 

13 

6* 

16-4 

..• 

•  •  • 

•  •  • 

1 

Lumpen 

US. 

15 

•5 
16 

6i 

•  •   • 

6A 

1 

•  •  • 

4-4 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

-15 

•  •  • 

■  • 

1 

• «  • 

•5 
17 
•5 

■   t  • 

1* 

•  •   • 

6  0 

517 

5-8 

6-32 
5-91 

•  •  • 

4-2-6 

•  •  • 

•  •  • 

•  •  • 

•  •  « 

1 
3 

1 

18 

•5 
19 

7i 

•  ■   • 

•  ■  • 

7^17 
7-26 

6-41 
6-86 
7  6 

■  •  • 

7-2-    73 

•  •  • 

•  •  • 

•  •  • 

3 
2 

•6 
20 
•5 

•  •   • 

i 

•  •   • 

8-1 
7-6 
8  5 

7-65 

8-07 
8-7 

7^4  -    8^7 
7-5  -    7-6 

•  •  • 

•  •  • 

-27 

« ■  • 

3 
2 
1 

21 

•6 
22 

8i 

•  •   • 

•  ■  • 

9-9 
10-46 

938 
10-09 
10-68 

8-8  *-"  10-7 
10-4  -  10-5 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

6 
2 

•6 
23 
•5 

•  •  • 

•  »  • 

11-7 
12-2 
13-4 

11-45 
12-45 
12-93 

10-4  -  13-1 
10-3  -  14-7 
12-3  -  13-8 

•  •  • 

•  •  • 

•  •  • 

2 
5 
4 

24 

•6 
25 

•  •  • 

i 

13-2 
14-7 

•  •  • 

13-77 

•  •  • 
• « • 

12-8  -  13-7 
13-8  -  15-6 

•  •  • 

•  •  • 

•52 

•  ■ « 

2 
2 

•  •  • 

of  tlie  Fishery  Board  for  Scotlaiid, 
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LUMPENUS— continued. 


Length. 

w 

eight  in  Grammes. 

Average 
Weight 

m 
Ounces. 

No.  of 
Fish. 

In  Cm 

In 
Inches. 

Average. 

Smoothed 
Average. 

Range. 

•5 
26 
•6 

•  •  • 

lOJ 

•  •  • 

•  •  • 

16-2 

•  •  ■ 

•  •  • 

•  •  • 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •   a 

1 

•  •   • 

27 
•5 

28 

i 

•  •  • 

11 

•  •  • 

•  •  • 

20-2 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

18      -  22-4 

•  •  • 

•  •  • 

•71 

•  •  • 

•  •  • 

2 

•5 
29 
•5 

•  a  • 
■  •  • 

•  •  • 

•  •  • 

•  •  • 

•  • « 

•   a    ■ 

•  •  ■ 

•  •  ■ 

•  a  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 
■  •  • 

30 

•   a   ■ 

■  a  • 

•   •    • 

•  •  • 

•  •  • 

•  •  • 

POGGE 

• 

5 

•5 
6 

•  •  ■ 

•  •   • 

•  •   • 

•  •  • 

•  •  • 

•  •  • 

>  ■  • 

•  *  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•6 

•   •   « 

t  •  t 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

7 
•5 

•  •   • 

»  •   • 

•  •  • 
■  •  • 

•  •  • 

•  •  • 

•  •  • 

•  t  • 

« ■  • 
•  •  • 

tat 
•  •  • 

8 

•5 
9 

3J 

•    •    • 

3-72 

4-6 

5-2 

•  •  • 

4-47 
5-46 

3-42-  3-93 
3-93-  4-94 
4-45-  6-83 

•13 

•  •  • 

•  •  • 

6 
12 
12 

•6 
10 
•5 

•  •  • 

•  •  • 

6-48 
7-34 
8-25 

6-34 
7-36 

8-74 

5-15-  6  85 
6-88-  7-66 
7-87-  8-64 

•  •  • 

•26 

•  •  • 

14 
3 
2 

11 
•6 

12 

4A 

•  ■  • 

10-62 
12-77 
13  52 

10-56 
12-30 
13-80 

12-71-14-63 

•  •  • 

•  •  • 

•48 

1 
1 
4 

•5 
13 
•5 

•  •  • 

•  •    • 

1512 

21 -27 

15-38 

,       17-61 

19-64 

15     -15-25 

•  •  • 
« •  • 

•  •  • 

•  •  • 

•76 

2 

•  a  • 

1 

14 

•5 
15 

"i 

20  13 

•  •  • 

•  •  • 

•  •  • 
«  t  • 

•  •  • 

•  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  a 

a  ■  a 
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PLAICE. 
Showino  the  Calcc:lated  Weight  at  Various  Sizes. 


^      Length  in 

Weight  in 

Length  in 

Weight  in 

Centimetres, 

Orammes, 

CeiUimetres. 

Grammes. 

1 

•009 

36 

435-632 

2 

•075 

37 

472-947 

3 

•252 

38 

512-336 

4 

•598 

39 

553-861 

5 

1167 

40 

597-500 

6 

2-017 

41 

643-515 

7 

3-252 

42 

702-346 

8 

4  •78 

43 

742-357 

9 

6-807 

44 

795-360 

10 

9  338 

45 

850-838 

11 

12  428 

46 

908-824 

12 

16134 

47 

969-398 

13 

20-513 

48 

1032-600 

14 

26-013 

49 

1115-295 

15 

31-509 

50 

1167-200 

16 

38-240 

51 

1-238-436 

17 

45*868 

62 

1312-856 

18 

54-454 

53 

1390065 

19 

64-042 

54 

1470-249 

20 

74-700 

55 

1553-443 

21 

87-793 

56 

1648-160 

22 

99-4-20 

57 

1729  147 

23 

113-603 

58 

1821  -760 

24 

129-075 

59 

1917-624 

25 

145*900 

60 

2016-792 

26 

164-107 

«1 

2119-3-22 

27 

183-781 

62 

22-25-269 

28 

208-102 

63 

2370-411 

29 

227-720 

64 

2447-360 

30 

252-072 

65 

2564-174 

31 

278-159 

66 

2684-344 

32 

305-920 

67 

2808-225 

33 

335-543 

68 

2935-552 

34 

366*944 

69 

3068-281 

35 

406-450 

70 

3251-592 

PLATE  VII 


9      10     11     11    U     U 


«    I    I    I    I    I 


f  r^»,-^J 


■w*i*^*pi(r««^^ 


»;  I 


•   ■  ■  ■     »is 


■■^' 


r 


itf-:^...!. 


4..  — 


3n     32     34     :J6 


•v  i 


'  i 


1 


PLATE    XII. 


rway  Pout 
Burghead,  i 
.8t  April.     I 


1 


I 


V 


1 


a     H     i; 


(285) 

Norway  ] 

off  SheUs" 

19th  M: 


«2      2M 


Poui, 


'•eptember. 
ti  SepUmber. 


sen. 


i      9     iO     Li     IS     h:     14 


■\ 


l1 

:  I 


"I 

;i 


t; 
I 


I 


♦  :;.<•    * 


^ 
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.  HADDOCK. 
Shoeing  the  Calcui-.atrd  Weight  at  Various  Sizes. 


Length  in 

Weight  in 

Lcn^hin 

Weight  in 

Centimetres, 

Orammea. 

Centimetres, 

Grammes, 

1 

•008 

36 

367-200 

2 

•063 

37 

398-639 

3 

•213 

38 

431-846 

4 

•504 

39 

467-023 

5 

•984 

40 

603-733 

6 

1-700 

41 

642-408 

2700 

42 

683  073 

8 

4-030 

43 

625720 

9 

5-738 

44 

670-449 

10 

7-870 

45 

717188 

11 

10-476 

46 

766-034 

12 

13600 

47 

817-087 

13 

171297 

48 

870-400 

14 

22-566 

49 

914-466 

15 

26  563 

60 

983-800 

16 

32^239 

51 

1043-963 

17 

38  665 

52 

1107-018 

18 

45-900 

53 

1171-662 

19 

53-980 

54 

1239*300 

20 

62-967 

55 

1309-470 

21 

72-884 

56 

1444-332 

22 

83-806 

57 

1467  468 

23 

95-754 

58 

1535-531 

24 

108-800 

59 

1616-333 

25 

122-974 

60 

1700-000 

26 

138-377 

61 

1786-340 

27 

154-913 

62 

1875-641 

28 

180-529 

63 

1967-870 

29 

191-941 

64 

2063-290 

30 

212-500 

65 

2162-144 

31 

234-455 

66 

2262-764 

32 

257-911 

67 

2367  005 

33 

282-846 

68 

2474-580 

34 

309-322 

69 

2585*366 

35 

337-440 

70 

2699-524 
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Prbliminaby  Rbmabks. 

In  the  following  notes  I  have  described  a  number  of  minute  Crustaceans 
belonging  to  the  MonstrillidsB  and  the  Choniostomatidse — two  families 
of  Copepoda  containing  aberrant  and  parasitic  forms  of  more  than  usual 
interest  A  few  forms  belonging  to  other  groups  more  or  less  rare  in  the 
Scottish  seas  are  also  recorded  here. 

The  species  recorded  here  belonging  to  the  Monstrillidse  are  as 
follows : — 

MonstriUa  grandis,  Giesbrecht. 

„         lofigicomiSf  I.  C.  Thompson. 
„        gracUicauday  Giesbrecht. 
„         anghcOf  Lubbock. 
„         dubitty  T.  Scott,  sp.  n. 
Thaumcdeua  thompsoniy  Giesbrecht. 
„  rigidua  (I.  C.  Thompson). 

„  zetlandicuSf  T.  Scott,  sp.  n. 

„  rostratua,  T.  Scott,  sp.  n. 

The  following  are  the  names  of  the  seven  species  belonging  to  the 
Choniostomatidse  which  are  also  described : — 

Stenotfiocheres  egi'egiuB^  Hansen,  new  to  British  Fauna. 
SphftroneUa  paradoxa,  Hansen,       „         „  „ 

„  minutOf  T.  Scott,  sp.  n. 

„  eaUisomcSy  T.  Scott,  sp.  n. 

„  cluthce,  T.  Scott,  sp.  n. 

„         pygmoeoy  T.  Scott,  sp.  n. 

„  amphilochiy  Hansen, 


A  description  is  furnished  of  each  of  the  species  mentioned  above,  and 
this  is  illustrated  by  drawings  which  have  been  prepared  by  my  son,  Mr. 
A.  Scott,  A.L.S.,  who  also  prepared  most  of  the  dissections  required. 
The  preparing  of  these  dissections  was  in  some  cases  rendered  more 
difficult  when  the  species  happened  to  be  represented  by  only  a  single 
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specimen  whose  appendages  were  not  very  obvious  even  with  a  moderately 
high  magnification. 

Some  moderately  rare  species  of  Amphipoda  and  Sympoda  are  recorded 
at  the  end  of  the  paper,  the  names  of  which  are  as  follows : — 

Hyperia  medusarum  (O.  F.  Muller). 
TrypJiana  mahni,  Boeck. 
Anonyx  nugax  (Phipps). 
Hoplonyx  cicada  (Fabr.). 
Ifarpinia  pectinafa,  G.  O.  Sars. 
Metopa  borealiSf  G.  0.  Sars. 
Parafylus  falcaiua  (Metzger). 
Megaluropus  agilis,  Norman 
Idothea  neglectOy  G.  0.  Sars. 
EudoreUopsis  deformis^  Kryoer. 
Fseudocuma  similis,  G.  0.  Sars. 

The  following  are  the  descriptions  of  the  various  species  referred  to : — 

COPEPODA. 

Fam.  MoNSTRriiLiDiB 

Genus  MonstrUla^  Dana,  1848. 

Monstrilla  grandis,  Giesbrecht.     PI.  xiii.,  fig.  11,  12;  pL  xiv.,  fig.  9-11 ; 
pi.  XV.,  fig.  1,  2. 

1892.     MomtrUla  grandis,  Giesb.,  Pelag.  Gopep.  des  Golfes  v. 
Neapel,  p.  588,  pi.  46,  fig.  2,  8,  11,  17,  19,  24,  25,  35,  39. 

Description  of  the  Female : — In  this  species  the  antennules  of  the 
female,  which  are  moderately  stout,  are  scarcely  equal  to  one-fourth  the 
length  of  the  animal ;  their  structure  is  somewhat  similar  to  that  of  the 
antennules  of  M,  gracilicanda^  but  the  articulations  are  rather  more 
distinct  (fig.  9,  pi.  xiv.). 

The  fifth  pair  of  thoracic  feet  are  sub-cylindrical,  about  twice  as  long 
as  broad,  and  with  a  somewhat  bi-lobed  extremity  (fig.  10,  pi.  xiv.) ;  the 
exterior  lobe  bears  three  setae,  the  inner  one  is  small  bat  the  other  two 
are  elongated.  The  inner  lobe  appears  to  be  furnished  with  only  a  single 
apical  seta,  but  our  dissection  shows  what  appears  to  be  the  base  of  a 
seta  on  the  inner  margin  of  this  lobe,  the  seta  itself  having  probably 
been  broken  off;  the  position  of  this  seta  is  indicated  on  the  drawing  by 
dotted  lines. 

The  abdomen  consists  of  three  segments,  but  the  first,  which  is  larger 
than  the  next  two  combined,  is  divided  into  two  portions  by  a  pseudo- 
articulation  as  shown  by  the  drawing  (fig.  11,  pi.  xiii.,  and  fig.  11,  pi.  xiv.)  ; 
the  second  and  third  segments  are  sub-equal  and  are  together  much 
smaller  than  the  first  segment. 

The  furcal  joints  are  each  provided  with  six  seta,  one  being  situated 
on  the  outer  edge  near  the  base  of  the  joint  while  the  others  spring  from 
the  apex  (fig.  11,  pi.  xiv.) ;  one  of  the  apical  set»  near  the  inner  edge  is 
very  small. 

The  female  represented  by  the  drawing  (fig.  11,  pi.  xiii.)  measures 
4*25  mm.  (about  ^  of  an  inch). 

Description  of  the  Male : — The  male  is  much  smaller  than  the  female ; 
the  specimen  represented  by  the  drawing  (fig.  12,  pi.  xiii.)  measures  only 
2  mm.  (^  of  an  inch). 
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The  antennnles  of  the  male,  which  are  proportionally  rather  longer  than 
those  of  the  female,  are  five-jointed,  the  last  joint  being  hinged  to  the 
preceding  one  (fig.  1,  pL  zv.). 

The  first  and  second  segments  of  the  male  abdomen  are  not  coalescent 
as  in  the  female,  bat  otherwise  the  two  sexes  are  nearly  alike. 

The  armature  of  the  f ureal  joints  (fig.  2,  pi.  xv.)  is  similar  to  that  of 
the  female. 

The  fifth  pair  of  feet  resemble  very  closely  the  fifth  pair  of  the  male  of 
M,  longiremis, 

ffabitcU.—Re&d  of  Loch  Fyne  (Firth  of  Clyde),  November  28,  1899, 
one  female,  and  January  30,  1901,  a  male  and  a  female. 

Professor  G.  S.  Brady  records  a  Monstrilla,  obtained  at  Cullercoats 
in  July,  1900,  which  he  thinks  may  be  the  male  of  M.  grandis^ 
Giesbredit,*  and  I.  C.  Thompson  mentions  the  occurrence  of  the  same 
species  in  the  vicinity  of  the  Channel  Islands.t 

Monstrilla  longtcomU,  I.  C.  Thompson.    PI.  xiii.,  fig.  1-7. 

1890.     MonetrUla  longxcomis^  I.  C.  Thompson,  Trans.  L'pool.  Biol. 

Soc.,  vol.  iv.,  p.  119,  pi.  iv.,  figs.  1,  2,  and  4  (cj).     . 
1892.     MonstrUla  longiremis,  Giesb.,  Pelagischen  Copepoden  des 

Golfes  von  Keapel,  p.  589,  pi.  46,  figs.  10,  U,  22,  37,  and 

41  ($). 
1902.     Mondrilla  longiremis^  T.  Scott,  20th  Kept.  Fishery  Board 

for  Scotland,  pt.  iii.,  p.  469,  pL  xxv.,  figs.  3  and  4  ($). 

The  antennnles  in  both  the  female  and  male  are  elongated  and  slender, 
being  in  some  examples  nearly  half  as  long  as  the  cephalothorax  and 
abdomen  combined ;  but  their  length  seems  to  vary  to  some  extent  in 
different  individuals,  and  those  of  ^e  male  appear  to  be  proportionally 
rather  longer  than  in  the  female.  The  male  antennnles  are  composed  of 
six  joints,  and  the  articulation  between  the  fifth  and  sixth  is  so  hinged 
that  the  sixth  joint  can  be  folded  inwards  ;  the  second  and  last  joints  are 
of  nearly  equal  length  and  considerably  longer  than  any  of  the  others 
(fig.  6).  In  the  female  antennnles  all  the  joints  except  the  first  appear 
to  be  coalescent,  so  that  each  antennule  is  apparently  only  two-jointed 
(fig.  3). 

The  fifth  thoracic  feet  of  the  female  consist  each  of  a  sub-cylindrical 
plate,  but  the  proximal  half  of  the  leg  is  rather  wider  than  the  lower  half 
and  is  defined  from  it  by  a  distinct  notch  on  the  inner  margin,  and  from 
this  notch  there  springs  a  moderately  long  seta ;  three  other  setas  spring 
from  the  distal  extremity  of  the  leg,  but  the  innermost  one  is  short  while 
the  other  two  are  elongated;  all  the  setsB  appear  to  be  more  or  less  plumose 

(fig.  4). 

The  fifth  feet  of  the  male  are  somewhat  rudimentary,  each  being 

represented  by  a  single  moderately  long  plumose  seta  which  springs  from 
a  small  tubercle  near  the  lower  ventral  margin  of  the  last  thoracic  seg- 
ment.    The  genital  appendages  are  narrow  and  spiniform  (fig.  7). 

The  furcal  joints  in  the  female  are  each  furnished  with  ^'vq  moderately 
long  setae,  but  there  are  only  four  set»  to  each  of  the  furcal  joints  in  the 
male,  lliis  appears  to  be  the  only  British  species  of  Momtrilla  in  which 
the  number  of  furcal  setsB  in  the  female  is  five. 

The  male  of  MonstrUla  longicomis  does  not  appear  to  have  been 
previously  recorded  except  by  I.  C.  Thompson. 

*N<U,  Hist.  Trans.  Northumb.,  Durhamf  and  NewcaMU^  vol.  xiv.,  p.  64,  pi.  iv.,  fig.  1-5. 
\Jowm.  Marine  Zool.  and  Microseofy^  vol.  ii.,  p.  97  (No.  8,  December,  1897). 
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The  following  are  the  localities  whence  I  have  obtained  this  species 
and  the  dates  when  the  different  specimens  were  collected : — 

Firth  of  Forth,  between  Fidra  and  the  Bass  Rock,  October  18, 

1890  (?). 
Firth  of  Forth,  east  of  Inchkeith,  August  14,  1891  (?  &  d). 
Firth  of  Forth  (locality  not  stated),  1893  (?  «fc  <^). 
Firth  of  Forth,  Station  V.  (to  the  west  of  May  Island),  August  30, 

1894  ($&<^). 

Firth  of  Forth,  Station  V.,  July  24,  1901  (?). 

Firth  of  Tay,  at  Buddon,  December  5,  1902  (J). 

Thirty-five  miles  east  of  May   Island  (per  as.    "Glenogle,"    of 

Aberdeen),  August  20,  1903  ($  &  d). 
Off"  Aberdeen  about  ten  miles,  November  11,  1901  (J). 
Firth  of  Clyde,  off"  the  Ayrshire  coast,  November  (date  not  stated), 

1895  (?). 

Firth  of  Clyde,  head  of  Loch  Fyne,  December  11,  1897  ($). 
Firth  of  Clyde,  Whitefarland  Bay,  Arran,  July  6,  1899  (cT). 
Solway  Firth,  Luce  Bay  (per  Andrew  Scott),  November  26,  1901  ($). 
Larne  Harbour,  Ireland  (per  Andrew  Scott),  January  14,  1904. 

The  female  represented  by  the  drawing  (fig.  1)  measured  3*1  mm., 
which  is  similar  to  the  size  given  by  Dr.  Giesbrecht ;  the  length  of  the 
male  which  the  drawing  represents  (fig.  2)  is  2  mm. 

One  or  two  of  the  more  obvious  characters  by  which  M.  longicomis 
may  be  distinguished  from  other  forms  are  the  long  and  somewhat  slender 
antennules,  the  form  and  armature  of  the  fifth  pair  of  thoracic  feet, 
and  the  number  of  the  furcal  setee.  The  structure  of  the  abdomen 
appears  also  to  differ  to  some  extent  from  the  other  species  of  MonatriUa 
recorded  here. 

It  may  be  remarked  further  that  the  integument  in  this  species  when 
examined  with  the  microscope  and  under  a  moderately  high  power  is  seen 
to  have  a  granular  appearance  not  observed  in  other  species  (see  the 
drawings,  figs.l  and  2). 

That  L  C.  Thompson's  MonstriUa  longicomis  is  identical  with  M. 
longirefniifj  Giesbrecht,  must,  I  think,  be  admitted.  The  long  antennules, 
the  granular  appearance  of  the  integument,  the  number  of  furcal  setes,  and 
the  structure  of  the  abdomen  show  that  it  can  be  nothing  else,  and  as 
Thompson's  name  was  published  two  years  before  that  of  Dr.  Giesbrecht 
it  must  be  restored.  Thompson  does  not  appear  to  have  seen  the  female 
or  Dr.  Giesbrecht  the  male  of  this  species. 

MonstriUa  gracilicauda,  Giesbrecht.     PI.  xiii.,  fig.  8-10;  pi.  xiv.,  fig.  15. 

1892.     MonstriUa  graeUicauda^  Giesb.,  op.  cit,  p.  587,  pL  46, 
figs.  9,  16,  18,  29,  32,  43. 

In  the  female  of  MonstrUla  gracilicauda  the  antennules  are  rather 
shorter  than  in  the  species  just  described.  They  appear  to  be  fonr- 
jointed,  the  first  three  being  small,  while  the  end  joint  is  equal  to  the 
entire  length  of  the  other  three  (fig.  8,  pi.  xiii.). 

The  fifth  pair  of  thoracic  feet  (fig.  15,  pi.  xiv.)  are  sub-quadrate  in  out- 
line, rather  longer  than  broad,  and  somewhat  gibbous  at  the  distal  end  as 
shown  in  the  drawing ;  each  foot  is  furnished  with  three  plumose  setie, 
one  on  the  outer  aspect  and  two  at  the  apex,  the  feathering  is  very 
delicate  and  can  only  be  seen  by  using  a  moderately  high  magnification. 

The  abdomen  consists  of  four  segments,  the  first  segment,   which 
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appears  to  consist  of  two  coalescent  segments,  is  of  a  sub-cylindrical  form 
but  tapers  slightly  towards  the  distal  extremity ;  it  is  about  one-third 
longer  than  the  breadth  at  the  widest  part  and  nearly  twice  the  entire 
length  of  the  next  segments.  The  third  segment  is  only  about  half  the 
length  of  the  second  one. 

The  furcal  joints  are  each  provided  with  six  setae  arranged  as  shown  in 
the  drawing  (fig.  10,  pi.  xiii.),  but  one  of  the  setae  is  very  small. 

The  length  of  the  specimen  represented  by  the  drawing  is  3*1  mm., 
which  is  somewhat  larger  than  that  stated  by  Dr.  Giesbrecht.  No  males 
of  this  species  have  been  observed  hitherto. 

M,  gracilicauda  has  been  collected  at  the  following  places  ; — 

Firth  of  Forth,  above  Queensferry,  June  26,  1890  ($). 

Firth  of  Forth,  off  Musselburgh,  September  29,  1892  (?). 

♦35  miles  east  of  May  Island,  Firth  of  Forth  (per  s.s,  *'  Glenogle  *'), 

August  20,  1903  ($). 
Firth  of  Clyde,  Whitefarland  Bay,  Arran,  July  6,  1899  ($). 
Firth  of  Clyde,  near  head  of  Loch  Fyne,  November  28,  1899  (J). 

MomtrUla  anglica^  Lubbock.     PI.  xiii.,  fig.  13;  pi.  xiv.,  fig.  12-14. 

1857.     Monstrilla  aiigliea,  Lubbock.     Ann.  and  Mag.  Nat.  Hist. 

(2),  vol.  XX.,  p.  409,  pi.  X.,  fig.  7,  8. 
1900.     Monstrilla  (?)   (iancc,   Scott,    18th   Ann.    Rept.    Fishery 

Board  for  Scotland,  pt.  iii.,  p.  398,  pL  xiii.,  fig.  15-20. 

Description  of  the  Female. — The  specimen  represented  by  the  drawing 
measures  3*2  mm.  (nearly  ^  of  an  inch) ;  it  has  a  general  resemblance  in 
size  and  structure  to  Monstrilla  longicomis^  but  is  scarcely  so  robust  (fig. 
13,  pi.  xiii.). 

The  antennules  are  elongated  and  slender  and  indistinctly  three-jointed  ; 
the  basal  joint  is  as  usual  very  short ;  the  next,  which  is  not  very  clearly 
defined,  is  abo  small,  but  longer  than  the  basal  joint ;  the  remaining 
portion  consists  of  a  single  piece  which  may  be  made  up  of  two  or  three 
coalescent  joints  (fig.  12,  pi.  xiv.). 

The  fifth  pair  of  thoracic  feet  are  sub-cylindrical  in  outline,  and  nearly 
twice  as  long  as  broad ;  each  foot  is  furnbhed  with  two  elongated  apical 
setsB,  and  the  inner  margin,  which  is  nearly  straight  and  shorter  than  the 
outer  margin,  terminates  in  a  small  rounded  process,  beyond  which  the 
distal  portion  of  the  foot  becomes  narrower  as  shown  in  the  drawing 
(fig.  13,  pi.  xiv.). 

The  genital  filaments  are  scarcely  equal  in  length  to  the  furcal  setae. 

The  abdomen  appears  to  consist  of  three  segments ;  the  first  segment 
is  about  twice  the  length  of  the  second,  while  the  second  is  about  one  and 
a  half  times  the  length  of  the  third. 

The  furcal  joints  are  each  furnished  with  six  setae  (fig.  14,  pi.  xiv.). 

Habitat,— YittYi  of  Forth,  west  of  May  Island,  July  26,  1901  ;  thirty- 
five  miles  east  of  May  Island,  August  20,  1903,  per  s.a  "Glenogle." 
Females  only  were  observed  in  both  gatherings. 

This  species  resembles  M,  longuxnuis  in  size,  in  the  elongate  antennules, 
and  to  some  extent  in  the  structure  of  the  abdomen,  but  differs  very 
distinctly  in  the  armature  of  the  fifth  pair  of  thoracic  feet,  and  in 
possessing  six  instead  of  five  furcal  setae ;  and  the  integument  appears  to 
want  the  minutely  granulated  structure  observed  in  if .  longicomis. 

The  specimens  recorded  by  me  in  Part  III.  of  the  Eighteenth  Annual 
Report  of  the  Fishery  Board  for  Scotland  from  the  Firth  of  Clyde  appear 
to  belong  to  Lubbock's   Monstrilla    anglica;    these    specimens    were 

*  This  specimen  was  of  a  fine  green  colour. 
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apparently  imperfect  as  regards  the  furcal  hairs,  and  no  doubt  helped  to 
disguise  their  relationship  with  the  species  named.  Having  now  obtained 
specimens  in  fairly  good  condition,  I  am  enabled  to  give  a  few  accurate 
figures  of  the  female  which  may  be  of  interest  as  supplementing  Dr. 
Bourne's  very  fine  drawings  of  the  male.  {See  the  Quarterly  Joum.  of 
Micros.  Science,  vol.  xxx.,  pt.  4,  new  series,  Feb.  1890.) 

Monstrilla  duhia^  T.  Scott,  sp.  n.      PI.  xiii.,  fig.  14  ;  pi.  xiv.,  fig.  16-18. 

Description  of  the  Female. — Body  moderately  slender ;  length  of  the 
specimen  represented  by  the  drawing  is  3*3  mm.  (fully  J  of  an  inch). 
The  cephalothoracic  segment  is  about  one  and  a  half  times  the  entire 
length  of  the  remaining  thoracic  segments  and  abdomen. 

The  abdomen  is  composed  of  three  segments  ;  the  first  segment  is  about 
equal  in  size  to  the  last  segment  of  the  thorax,  the  second  is  smaller  than 
the  next,  while  the  second  and  third  are  together  scarcely  as  long  as  the 
first  segment  (fig.  14,  pi.  xiv.). 

The  antennules  are  moderately  stout  and  about  half  as  long  as  the 
cephalothoracic  segment,  and  composed  of  four  joints  ;  the  first  and  third 
joints  are  small,  the  second  is  about  half  as  long  again  as  the  third,  while 
the  fourth  is  equal  to  the  entire  length  of  the  three  joints  (fig.  16,  pi.  xiv.) 

The  fifth  pair  of  thoracic  feet  are  moderately  slender ;  each  foot  is 
narrow  and  sub-cylindrical  at  the  proximal  end,  but  becomes  wider 
distally  and  terminates  in  two  lobes  ;  the  outer  lobe  is  larger  than  the 
inner  and  is  furnished  with  three  moderately  long  setae,  the  inner  lobe  is 
narrow  and  appears  to  be  devoid  of  setae  as  shown  in  the  drawing  (fig. 
17,  pi.  xiv.). 

The  furcal  joints  are  each  provided  with  four  elongated  hairs,  one  of 
them  springs  from  near  the  base  of  the  outer  margin,  two  spring  from 
the  apex,  while  the  fourth  is  attached  on  the  inner  aspect  and  near  the 
middle  of  the  joint,  as  seen  in  the  drawing  (fig.  18,  pi.  xiv.). 

Habitat. — Firth  of  Forth,  east  of  Inchkeith,  August  14,  1891  ;  and 
head  of  Lech  Fyne  (Firth  of  Clyde),  November  11,  1897,  and  November 
28,  1899.     No  males  have  been  observed. 

Beniarks. — The  Copepod  of  which  I  have  just  given  a  description 
does  not  agree  with  any  described  species  known  to  me.  The  characters 
by  which  it  may  be  distinguished  are  the  following  three :  first,  the 
structure  of  the  abdomen,  the  first  segment  of  which  is  as  large  as  the 
segment  of  the  thorax  next  to  it ;  second,  the  peculiar  form  of  the  fifth 
pair  of  thoracic  feet ;  and,  third,  the  number  and  arrangement  of  the 
furcal  setae. 

Monstrilla  duhia  as  described  and  figured  here  has  a  somewhat  close 
resemblance  to  the  female  of  M,  dance  as  represented  by  the  beautiful 
drawings  of  Professor  Clapar^de,*  and  especially  by  figure  3,  taf.  xvi., 
which  shows  the  female  from  the  under  side ;  the  proportional  lengths  of 
the  abdominal  and  of  the  posterior  thoracic  segments  are  almost  identical, 
but  the  furcal  joints  are  represented  with  only  three  setae ;  there  is  also 
a  slight  difference  in  the  length  of  the  second  joint  of  the  antennules. 
Had  a  separate  drawing  of  the  fifth  pair  of  thoracic  feet  of  the  female 
been  given  by  that  author  the  identification  of  the  species  would  have 
been  rendered  more  certain. 


*  Beobachtungen  aber  Anmtomie  and  Entwicklmigveflchichte  wirbelloter  thier  an  der 
kiisto  von  Normandie,  Aogestellt,  p.  95,  taf.  ztl,  fig.  1-6  (1868). 
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Genua  Thaumaleus  ELibyer,  1849. 

Thau7)ialeus  thomsoni,  Giesb.     PL  xiv.,  fig.  1-4. 

li?92.     Thaumaleus  tJiomsoni,  Giesb.,  Pelag.  Copep.  des  Golfes  v. 

Neapel,  p.  584,  pi.  46,  fig.  7,  27,  31,  36,  40. 
1902.     Thaumaleus  thompeoni,  Scott,  20tb  Ann.  Rept.  Fishery 

Board  for  Scotland,  pt.  iii.,  p.  470,  pi.  zxv.,  ^g,  5,  6. 

In  Part  III.  of  the  Twentieth  Annual  Report  of  the  Fishery  Board 
for  Scotland,  I  published  a  description  with  figures  of  the  male  of 
Thaumaleus  thornpsoni  taken  in  Lerwick  Harbour,  Shetland.  Recently, 
when  examining  a  small  collection  of  Mansfrillas  that  had  been  captured 
from  time  to  time  during  the  past  twelve  or  fifteen  years,  I  found  a  single 
female  of  the  same  species  that  had  been  taken  in  a  tow-net  sample 
collected  off  Scarborough  on  July  9,  1893,  during  some  investigations  on 
behalf  of  the  Fishery  Board  for  Scotland;  this  specimen  I  will  now 
briefly  describe,  and  illustrate  the  description  with  figures  showing  a  few 
of  its  more  characteristic  features. 

The  specimen  referred  to  was  elougated  and  very  slender,  and 
measured  4*8  mm.  in  length  (about  ^  of  an  inch).  The  cephalothoracic 
segment  was  about  equal  to  twice  the  entire  length  of  the  remaining 
segments  of  the  thorax  and  abdomen  combined  (fig.  1,  pi.  xiv.). 

The  antennules  are  short  and  stout,  and  appear  to  consist  of  four 
joints ;  but  the  third,  which  is  small,  seems  to  be  partly  coalescent  with 
the  second  (fig.  2,  pi.  xiv.). 

The  fifth  pair  of  thoracic  feet  are  moderately  large,  foliaceous,  and  are 
abruptly  wider  at  the  distal  extremity,  the  result  of  a  lobe-like  process 
on  the  inner  distal  aspect;  each  foot  carries  three  apical  setse,  the 
innermost  of  which  is  considerably  shorter  than  the  other  two,  as  shown 
in  the  drawing  (fig.  3,  pi.  xiv.). 

The  abdomen  consists  of  two  segments ;  the  first  is  fully  half  as  long 
as  the  last  segment  of  the  thorax,  and  larger  and  more  dilated  than  the 
second  segment.  The  short  f ureal  joints  carry  three  moderately  elongated 
setae  (fig.  4,  pL  xiv.). 

The  structure  of  the  fifth  pair  of  thoracic  feet,  and  the  form  of  the 
abdomen  referred  to  above,  seem  to  be  characteristic  of  this  species. 

TJiaumaleus  rigidus  (I.  C.  Thompson).  PI.  xiii.,  fig.  15-17 ;  pi.  xiv,  fig.  19. 

1888.     CymhoBoma  rigida^  I.  C.  Thompson.     Linn.  Soc.  Journ. 

Zool.,  vol.  XX.,  p.  154,  pL  xiii.,  fig.  1-4. 
1890.     MonstriUa  rigida^  Bourne.     Quart.  Journ.  Micros.  Science, 

vol  XXX.,  pi.  xxxvii.,  fig.  8,  11,  12. 
1892.     TJiaumaleus  clapar^diif  Giesb.,  op.  cit.,  pp.  381-385,  taf. 

46,  fig.  5,  15,  21,  26. 

Description  of  the  Female. — Length  of  the  specimen  represented  by 
the  drawing  (fig.  15,  pi.  xiii.),  2*7  mm.  (^  of  an  inch).  The  cephalothorax 
IB  moderately  stout,  rather  wider  near  the  anterior  end,  and  nearly  twice  as 
long  as  the  entire  length  of  the  remaining  segments.  The  abdomen  is 
composed  of  two  segments ;  the  first  is  about  one  and  a  half  times  the 
length  of  the  last  segment  of  the  thorax,  and  the  proximal  half  is  more  or 
less  dilated ;  the  second  segment,  which  is  smaller  than  the  first,  is 
probably  composed  of  two  coalescent  segments,  as  a  slight  constriction, 
dividiug  the  segment  into  two  portions  as  shown  by  the  drawing  (fig.  15, 
pi.  xiii.,  and  fig.  19,  pi.  xiv.),  is  observable  in  all  the  specimens  examined. 

The  antennules  are  short  and  stout  and  appear  to  be  four-jointed,  the 
first  and  third  joints  being  very  small  (fig.  16,  pi.  xiii.). 
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The  fifth  pair  of  thoracic  feet  are  rather  longer  than  broad,  the 
terminal  portion  being  distinctly  small  and  wider  than  the  proximal 
half;  each  foot  carries  three  moderately  long  apical  sets,  as  shown  in 
the  drawing  (fig.  17,  pi.  xiii.). 

The  fnrcal  joints,  which  are  of  moderate  length,  are  each  famished 
with  three  setae  (fig.  19,  pi.  xiv.). 

Habitat. — Mauchrie  Bay,  Arran,  Firth  of  Clyde,  September  17,  1886. 
St.  Andrews  Bay,  August  7,  and  off  St.  Monans,  Firth  of  Forth, 
September  6,  1890.  Dornoch  Firth  (Moray  Firth  district),  July  30, 
1895.  Whitefarland  Bay,  Ajran,  Firth  of  Clyde,  July  6,  and  between 
Arran  and  the  Ayrshire  coast,  November  9,  1899.  All  the  specimens 
obtained  were  females. 

Remarks. — I  have  adopted  I.  C.  Thompson's  name  for  this  form  in 
preference  to  that  of  Dr.  Qiesbrecht,  as  I  am  convinced,  after  examining 
a  number  of  individuals  and  comparing  them  with  the  descriptions  and 
figures  of  Thompson  and  Bourne,  that  Thaumaleus  rigidus  (I.  C. 
Thompson)  and  T.  daparhdii  are  identical.  The  antennules  of  the 
female  in  both  are  short  and  stout,  and  although  Thompson's  figure 
indicates  a  greater  number  of  articulations  than  is  observed  in  T.  daparedii, 
this  may  be  due  perhaps  to  certain  constrictions  having  been  mistaken  for 
joints ;  but  what  I  rely  on  chiefly  is  the  structure  of  the  abdomen  and  the 
form  and  armature  of  the  fifth  pair  of  thoracic  legs  of  the  female,  which, 
so  far  as  they  are  represented  by  both  Thompson's  and  Bourne's  figures, 
are  practically  the  same  as  the  similar  parts  of  T.  daparMii  represented 
by  the  drawings  of  Dr.  Giesbrecht. 

Thawrudem  zdlandicus,  T.  Scott,  sp.  n.      PI.  xiii.,  fig.  18,  19  ;  pi.  xiv., 
fig.  20-22 ;  pi.  XV.,  fig.  3,  4. 

Description  of  the  Female. — Body  moderately  stout  and  elongated ; 
length  of  the  specimen  represented  by  the  drawing  (fig.  18,  pi.  ii.),  4*8  mm. 
(nearly  ^  of  an  inch).  The  cephalothoracic  segment  is  about  one  and  a 
half  times  the  entire  length  of  the  remaining  segments  of  the  thorax  and 
abdomen. 

The  abdomen  is  composed  of  three  segments;  the  first  segment  is 
distinctly  larger  than  the  last  segment  of  the  thorax  and  about  twice  the 
entire  length  of  the  next  two  abdominal  segments ;  these  two  segments  are 
sub-equal,  but  the  second  is  slightly  the  longer  of  the  two  (fig.  22,  pi.  xiv.). 

The  antennules,  which  are  short  and  moderately  stout,  are  composed  of 
four  joints ;  the  first  and  third  joints  are  smaller  than  the  others,  while 
the  end  joint  is  about  equal  to  the  entire  length  of  the  other  three 
(fig.  20,  pi.  xiv,). 

The  fifth  pair  of  thoracic  feet  are  short  and  broadly  foliaceous  and 
terminate  in  two  broad  rounded  sub-equal  lobes,  the  outer  one  of  which 
is  provided  with  three  moderately  long  setse;  the  inner  lobes  do  not 
appear  to  carry  any  setas  (fig.  21,  pi.  xiv.). 

A  male  belonging  apparently  to  the  same  species  as  the  female 
described  above  is  considerably  smaller  than  it^  and  the  cephalothoracic 
segment  is  only  slightly  longer  than  the  combined  lengths  of  the  other 
thoracic  segments  (fig.  19,  pi.  xiii.).  The  length  of  this  male,  which  is 
represented  by  the  drawing  just  referred  to,  is  2*6  mm.  (or  nearly  A-  of 
an  inch^.  The  antennules  are  five- jointed  and  longer  than  those  of  the 
female  (fig.  3,  pi.  xv.) ;  the  abdomen  appears  to  consist  of  four  segments, 
the  first  two  are  sub-equal  and  are  each  distinctly  smaller  than  the  last 
segment  of  the  thorax,  while  the  last  two  are  together  only  a  little 
longer  than  the  preceding  segment.  The  number  of  furcal  hairs  is  the 
same  as  in  the  female  (fig.  2,  pi.  xv.). 

Habitat. — Lerwick  Harbour,  Shetland,  October  15,  1901. 
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Remarks. — The  more  obvious  characters  by  which  this  species  may  be 
distinguished  are :  the  structure  and  lengths  of  the  female  antennules,  the 
three-segmented  abdomen,  together  with  the  proportional  difference  in  the 
size  of  the  first  segment  with  the  preceding  segment  of  the  thorax  and 
the  other  two  abdominal  segments ;  and  lastly,  the  peculiar  form  of  the 
fifth  pair  of  thoracic  feet,  as  indicated  by  the  various  figures. 

Thaunudeus  rostratus,  T.  Scott,  sp.  u.     PL  xiv.,  fig.  5-8. 

-  Description  of  the  Female. — The  length  of  the  specimen  represented  by 
the  drawing  (fig.  5)  is  3*9  mm.  (about  ^  of  an  inch);  the  first 
cephalothoracic  segment  is  moderately  stout,  tapering  gradually  in  front 
into  a  blunt  pointed  rostrum;  while  posteriorly  the  body  becomes 
gradually  narrower  towards  the  distal  extremity  (fig.  5,  pi.  xiv.). 

The  abdomen  is  composed  of  three  segments ;  the  first  segment  is  as 
large  as  the  next  two  together,  but  the  second  is  very  small. 

Each  of  the  furcal  joints  is  provided  with  three  setse  of  moderate 
lengths,  arranged  as  shown  in  the  drawing  (fig.  8,  pi.  xiv.). 

Antennules  short  and  moderately  stout,  four-jointed  and  sparingly 
setiferous ;  the  first  and  third  joints  are  small,  the  second  is  about  one 
and  a  half  times  the  length  of  the  third,  while  the  last  is  equal  to  the 
entire  length  of  the  other  three  joints  (fig.  6.  pi.  xiv.). 

The  fifth  pair  of  thoracic  feet  are  short  and  foliaceous,  and  each 
terminates  in  two  unequal  lobes ;  the  outer  lobe,  which  is  narrower  than 
the  inner  and  projects  somewhat  beyond  it,  is  furnished  with  three 
moderately  long  sotaB ;  the  inner  lobe  is  broadly  rounded  and  provided 
with  a  single  seta  (fig.  7,  pL  xiv.). 

Habitat. — Lerwick  Harbour,  Shetland,  October  15,  1901.  Three  or 
four  specimens  were  obtained,  all  of  which  were  females. 

Remarks. — The  form  just  described  is  readily  distinguished  by  the 
produced  forehead  and  by  the  form  and  armature  of  the  fifth  pair  of 
thoracic  feet. 

Fam.  Choniostomatid^  Hansen  (1887). 
Genus  Stenoihocherea^  Hansen  (1897). 

StenothocJieres  egregitis,  H.  J.  Hansen.     PI.  xv.,  fig.  5-10. 

1897.      Stenothocheres  egregius,  Hansen,  The  Choniostomatidse, 
p.  89,  pi.  i.,  fig.  1  a-e. 

The  Sp7ueronella-\ike  form  which  I  ascribe  to  Stenothockeres  egrer/itis 
was  obtained  in  the  marsupium  of  Metopa  horealis^  G.  0.  Sars.  The 
female  represented  by  the  drawing  (fig.  5)  measured  about  *68  mm.  in 
length  (nearly  ^  of  an  inch)  ;  the  body  was  almost  spherical  in  shape, 
but  was  rather  longer  than  the  height. 

The  antennules  are  small  (fig.  7),  and  the  end  joint,  which  is  furnished 
with  two  moderately  long  spine-like  terminal  set®,  is  about  one  and  a 
half  times  as  long  as  the  preceding  one. 

The  antennae  are  very  minute  and  composed  of  two  sub-equal  joints, 
and  they  are  each  armed  with  a  comparatively  stout  terminal  spine  (fig.  8). 

The  maxillipeds  were  damaged  while  being  removed  for  the  purpose 
of  mounting,  but  the  second  pair,  so  far  as  they  could  be  made  out, 
appear  to  be  moderately  strong  with  stout  terminal  claws  as  indicated  in 
figure  6. 

The  first  pair  of  feet,  though  very  small,  are  comparatively  stout  and 
two-branched,  and  both  branches  appear  to  be  two-jointed ;  the  inner 
branches  are  forniehed  with  three  apical  spines,  the  middle  one  being 
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moderately  elongated,  while  the  other  two  are  short ;  the  outer  branches, 
on  the  other  hand,  are  provided  with  one  terminal  spine  which  is 
moderately  stout  (fig.  9). 

The  second  pair  appear  to  be  more  slender  than  the  first,  and  the  inner 
branches  are  only  one-jointed  and  bear  a  single  moderately  long  apical 
spine ;  the  outer  branches,  which  are  two-jointed,  are  only  armed  with  a 
very  short  spine  at  the  apex  {j^g,  10). 

The  abdomen  is  very  small  and  provided  with  two  furcal  joints  which 
bear  a  few  minute  setae. 

The  Amphipod  on  which  the  parasite  was  observed  occurred  in  a 
surface  tow-net  gathering  collected  in  Aberdeen  Bay  on  October  16, 1903. 
The  parasite  agrees  very  closely  with  the  description  and  drawings  of 
S.  egregius^  Hansen,  as  given  in  that  author's  Monograph  of  the 
Choniostomatidse  referred  to  above,  and  therefore,  though  the  Amphipod 
on  which  it  was  found  {Metopa  borealis,  G.  0.  Sars)  is  a  different  species 
from  that  mentioned  by  Dr.  Hansen  as  the  host  S.  egregius,  I  am 
satisfied  that  the  parasite  I  have  described  belongs  to  that  species. 

The  Amphipod  on  which  Dr.  Hansen  obtained  his  specimens  of 
S'  egregius  belonged  to  Metopa  bruzelii  (Goes.). 

Sj)h(eroneUa  paradoxa,  H.  J.  Hansen.     PI.  xv,,  fig.  17-19. 

1897.     Sphceronella  paradoxa,   Hansen,   The    Choniostomatidse, 
p.  1 18,  pi.  iii.,  ^g.  4  a-1 ;  pi  iv.,  fig.  1  a-h. 

The  female  of  this  Sphieronella  represented  by  the  drawing  (figs.  16 
and  17)  is  smaller  than  those  described  by  Dr.  Hansen,  being  only  "57  mm., 
whereas  the  smallest  of  the  specimens  mentioned  by  that  author  was 
'71  mm.  But  with  the  exception  of  the  difference  in  size  the  specimen 
recorded  here  agrees  very  well  with  the  species  to  which  it  is  referred. 
The  specimen  was  found  in  the  marsupium  of  Bathyporeia  pdagica 
(Bate).  The  figure  representing  a  side  view  of  the  parasite  shows  the 
posterior  thread-like  attachment  considerably  twisted  upon  itself  and 
terminating  in  a  sucker  disc ;  the  only  other  appendages  visible  are  at 
the  anterior  end,  and  comprise  a  pair  of  antennules  and  a  pair  of  powerful 
maxillipeds. 

Six  specimens  of  Bathyporeia  were  found  to  be  infested  with 
Sphceronellay  and  all  the  parasites  observed  appeared  to  be  adult  females. 
The  body  of  the  female,  represented  by  the  drawings,  is  seen  to  be  nearly 
globular,  particularly  when  viewed  from  above. 

The  antennules  are  three-jointed,  the  end  joint  being  the  longest  one 
and  the  penultimate  joint  the  smallest ;  they  are  each  provided  with  a 
few  setsB  (fig.  18). 

The  maxillipeds  (fig.  19)  appear  also  to  be  three-jointed ;  the  first 
joint  is  very  large,  but  the  other  two  are  smaller ;  the  third  is  armed 
with  a  moderately  stout  terminal  claw,  and  as  the  articulation  between 
the  first  and  second  joints  forms  a  hinge,  the  last  two  joints,  together 
with  the  terminal  claw,  can  be  folded  upon  the  first,  and  this  allows  the 
maxillipeds  to  be  used  as  powerful  grasping  organs. 

No  males  were  observed. 

Habitat. — In  the  marsupium  of  Bathyporeia  pelagiea  (Spence  Bate), 
collected  off  Lossiemouth,  Moray  Firth,  December  29,  1903. 

SpTueronella  minutOy  T.  Scott,  sp.  n.     PL  xv.,  fig.  11-15. 

An  adult  SpJunronella  was  obtained  in  the  marsupium  of  a  specimen 
of  Perioculofies  longimanvs  (Spence  Bate)  from  the  Dornoch  Firth, 
collected  by  the  bottom  tow-net  on  December  28, 1903.  Dorsal  and  side 
views  of  the  specimen  are  represented  by  fig.  12,  11.  The  length  of  the 
specimen  is  '48  mm.  (about  ^  of  an  inch). 
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The  antennules  appear  to  be  three-jointed;  the  first  joint  is  nearly 
t¥rice  as  long  as  the  second,  while  the  third  is  equal  to  rather  more  than 
the  entire  length  of  the  first  and  second  (fig.  13). 

The  first  maxillipeds  are  very  small,  and  consist  of  a  single  stout  joint 
armed  with  a  moderately  strong  terminal  claw  (fig.  14). 

The  second  maxillipeds  are  rather  more  slender  and  elongated  than  the 
other  pair ;  the  basal  joint  is  twice  as  long  as  broad ;  the  next  two  are 
small  and  narrow,  and  appear  to  be  hinged  to  the  basal  joint ;  the 
terminal  claw,  which  is  moderately  stout,  is  slightly  curved  (fig.  15). 

Dr.  Hansen  states  that  he  obtained  female  Sphceronellas  in  the 
marsupiums  of  three  specimens  of  Perioeulodes  longimarvus  from 
Denmark,  and  that  they  appeared  to  be  identical  with  S,  parcufoza^  the 
only  appreciable  difference  being  their  smaller  size.  Dr.  Hansen's  exten- 
sive knowledge  of  this  curious  and  difficult  group  of  Crustacea  precludes 
any  doubt  concerning  the  accuracy  of  the  identification  of  these  specimens. 
I  am  therefore  inclined  to  regard  the  SpJuxronella  found  on  the  Perioeulodes 
from  the  Dornoch  Firth  as  a  somewhat  di£ferent  form  from  those  he 
observed,  and  have  described  it  provisionally  under  a  distinct  specific  name. 

This  SpJueronella  from  the  Dornoch  Firth  Perioeulodes  appears  to 
differ  not  only  in  size  and  shape  from  S.  paradoxa^  but  also  in  the  size 
and  proportional  lengths  of  the  joints  of  the  antennules  and  in  the  size 
and  structure  of  the  second  maxillipeds. 

SpJiceronella  callisoDue,  T.  Scott,  sp.  n.     PI.  xv.,  fig.  20-27. 

The  Sphwronella  I  record  under  this  name  was  obtained  on  a  specimen 
of  CdUisoma  crencUa  (Spence  Bate)  collected  at  the  mouth  of  the  Firth 
of  Clyde  on  February  7,  1899.  The  parasite  is  an  adult  female  and 
measured  '86  mm.  in  length  (=  ^V  ^^  &^  inch).  The  body  seen  from 
above  is  nearly  globular,  and  the  cephalon  is  seen  projecting  somewhat 
beyond  the  anterior  aspect  in  the  form  of  a  moderately  conspicuous 
tubercle  (fig.  21).  Seen  from  the  side  the  body  is  broadly  oblong,  with 
both  the  anterior  and  posterior  ends  boldly  convex.  The  anterior  portion 
of  the  body  appears  to  be  thickly  beset  with  minute  hairs  (fig.  20  and  21). 

The  antennules  are  three-jointed ;  the  middle  joint  is  very  shorty  but 
the  other  two  are  moderately  elongated  (fig.  22). 

The  antennsB  are  very  small  and  uniarticulate,  and  are  each  furnished 
with  a  single  terminal  seta  about  as  long  as  the  antennal  joint  (fig.  23). 

The  mandibles  are  slender,  elongated,  and  sub-cylindrical  (fig.  24). 

The  maxillffi  are  stout,  and  are  each  apparently  composed  of  a  single 
piece,  and  armed  with  two  moderately  stout  terminal  setce,  while  a  third 
seta  springs  from  a  minute  lateral  process,  as  shown  in  the  drawing  (fig.  25). 

The  first  and  second  maxillipeds  have  each  of  them  moderately  stout 
basal  joints,  and  they  are  each  provided  with  strong  terminal  claws 
(fig.  26,  27). 

The  ventral  filament,  which  is  furnished  with  a  terminal  sucker-like 
disc,  is  long  and  slender,  and  twisted  upon  itself  as  shown  in  fig  20 . 

This  Sphceronella  does  not  agree  with  any  described  species  known  to 
me. 

iSphceroneUa  dutTue,  T.  Scott,  sp.  n.     PL  xv.,  fig.  28>30. 

A  single  adult  female  of  this  SpTueronella  was  obtained  in  the 
marsupium  of  a  specimen  of  Harpinia  peetinata,  G.  0.  Sars,*  found  in  a 
tow-net  gathering  collected  in  moderately  deep  water  at  the  mouth  of  the 
Clyde  estuary,  and  nearly'  midway  between  Ailsa  Craig  and  Sanda 
Island ;  this  tow-net  gathering  was  collected  on  November  14,  1899. 

*  Some  remarka  on  the  distribution  of  this  Harpinia  will  bo  found  among  the  Notos 
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This  parasite,  which  appears  to  dififer  from  any  other  SphoeroneUa 
known  to  me,  measures  '74  mm.  in  length  (about  ^^  of  an  inch).  Its  form 
is  almost  globular,  especially  the  dorsal  view,  but  seen  from  the  side  the 
height  is  rather  less  than  the  width  (fig.  28,  29). 

The  only  appendages  that  could  be  satisfactorily  made  out  were  the 
second  maxiUipeds,  and  these  are  moderately  elongated  and  slender,  and 
are  each  provided  with  a  slender  terminal  claw  (fig.  30). 

There  does  not  appear  to  be  any  previous  record  of  a  SphceroneUa 
having  been  foimd  on  Harpinia  pectinata, 

Spfueronella  jfygmoeaf  T.  Scott,  sp.  n.     PI.  xv.,  fig.  31-34. 

The  adult  female  of  this  species  represented  by  the  drawings  (fig.  31 
and  32),  whether  viewed  dorsally  or  from  the  side,  is  seen  to  be  of  a 
nearly  oval  form,  the  length  being  equal  to  about  one  and  a  half  times 
the  breadth.  This  parasite,  which  is  very  small,  measures  only  '49  mm. 
in  length  (about  -^  of  an  inch). 

The  antennules  and  antennas  appear  to  be  rudimentary,  while  the  only 
appendages  of  which  a  satisfactory  examination  was  made  were  the  first 
and  second  maxiUipeds  represented  by  the  drawings  (fig.  33,  34). 

The  first  maxiUipeds,  which  are  very  small  and  uniarticulate,  are  armed 
with  a  moderately  stout  terminal  claw  (fig.  33). 

The  second  maxUlipeds  are  elongated  and  three-jointed;  the  inner 
distal  angle  of  the  first  joint  is  produced  so  as  to  form  a  small  bifid 
projection ;  the  first  and  second  joints  are  sub-equal  in  length ;  the  third 
is  small  and  narrow,  and  bears  a  somewhat  feeble  terminal  claw  (fig.  34). 

Habitat, — This  small  Sphoirotiella  was  obtained  in  the  marsupium  of  a 
specimen  of  Psevdocuma  gimilis,  G.  0.  Sars.  No  males  or  post-larval 
females  were  observed. 

There  does  not  appear  to  be  any  previous  record  of  a  SpTuBTOndla 
from  this  species  of  Pseudocuma. 

SphceroneUa  amphUochi^  H.  J.  Hansen.     PL  xv.,  fig.  35,  36. 

1897.    SphceroneUa  ainphUochi^  H.  J.  H.,  op.  cit.,  p.  139,  pi.  vii., 
fig.  3  a  and  b. 

The  Sphceronellu  I  record  under  this  name  was  found  in  the  marsupium 
of  AmphUoclioides  odorUontfx  (Boeck)  (=  Amphilochoidea  pasiUvs^  G.  O. 
Sars).*  The  specimen  represented  by  the  drawing  (fig.  36)  is  a  youDg 
female,  and  as  Dr.  Hansen  has  only  described  the  adult  form  of  the 
species  from  a  solitary  example,  a  satisfactory  comparison  between  our 
specimen  and  his  description  and  figures  could  not  be  made.  Dr. 
Hansen's  specimen  was,  however,  found  on  the  same  species  of  Amphipod, 
and  this  favours  the  identification  of  the  two  parasites  as  being  the  old 
and  young  females  of  the  same  species.  The  young  female  I  am 
recording  measured  only  '14  mm.  in  length  (about  yf^  of  an  inch),  but 
the  size  of  the  adult  described  by  Dr.  Hansen  was  *54  mm. 

A  specimen  which  appeared  to  be  an  adult  female  was  taken  from  the 
marsupium  of  the  same  Amphipod  in  which  the  young  one  now  recorded 
was  obtained,  but  it  was  somehow  lost  ere  it  could  be  thoroughly 
examined  and  figured. 

The  posterior  part  of  the  body  of  the  young  female  is  distinctly  hispid, 
and  the  thoracic  legs  were  f  urmshed  with  long  and  slender  terminal  hairs, 
as  shown  in  fig.  35.  Near  the  middle  of  the  dorsal  aspect  a  number  of 
slender  bristles  were  observed. 

*  Crustacea  of  Norway,  toI.  i.  (Amphipoda),  p.  222.  Su  also  the  supplement  to  the 
volume,  p.  690,  where  the  author  restores  Boeck's  name,  A,  odontonyxj  for  the  name  used 
in  the  body  of  the  work. 
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The  second  maxillipeds  were  moderately  powerful,  but  the  other 
appendages  were  smaller  and  weaker. 

As  this  young  female  agrees  with  none  of  the  other  young  forms 
described  by  Dr.  Hansen,  I  prefer  for  the  present  to  regard  it  as  the  post 
larval  stage  of  his  SpTuerondla  amphUochi. 

As  a  list  of  the  genera  and  species  of  the  Choniostomatidse  described 
by  Dr.  H.  J.  Hansen  in  his  interesting  work  on  that  curious  group  of 
parasitic  Copepoda  may  be  useful,  I  give  it  here.  To  this  list  I  have 
added  the  few  odd  forms  mentioned  in  the  preceding  notes,  and  one  or 
two  others  recorded  in  previous  Reports.  The  names  of  the  hosts  on 
which  the  parasites  have  been  obtained  are  also  given,  and  I  have  indicated 
by  an  asterisk  (*)  such  of  the  species  as  up  till  now  have  been  observed 
in  Scottish  waters.  This  will  show  how  much  room  still  remains  for 
further  research  among  these  minute  organisms. 

The  names  of  the  parasites  are  arranged  in  alphabetical  order  on  the 
left-hand  side  of  the  page,  while  the  names  of  the  hosts  on  which  they  have 
been  found  are  placed  immediately  opposite. 


Names  of  the  Parasites. 


Names  of  the  Hosts. 


G^n.  A8pul4>ecia, 
^Aspidoecia  normanij   Giard    and 
Bonnier. 


Gen.  CTioniostoma. 
Choniostoma  hanseni,  Giard  and 

Bonnier. 
Choniostoma     mirabiliSf     H.    J. 

Hansen. 

Gen.  Homfvoscelus, 
Homceoscelus  mediterranean 

H.  J.  H. 
Homceoscelus  minuta,  H.  J.  H. 

Gkn.  Mysidion. 
Mysidion  abyssorum,  H.  J.  H. 
„         co7nmu7ief  H.  J.  H. 


Erythrops  etegans,  G.  0.  Sars ; 
K  serraia,  G.  0.  Sars ;  E.  ery- 
throphthalmus  (Goes.) ;  E. 
microphthalmus,  G.  O.  Sars ; 
and  E.  abyssorum,  G.  O.  Sars. 


Hippolyte  gaimardii,  M.-Ed\«r.  and 
IT,  polaris  (Sabine). 
„         gaim^irdii,  M.-Edw. 


Gen.  SpJueronella,  H.  J.  H. 

(a)  Sphcerondlas  pa 

SphceroneUa  abyssi,  H.  J.  H. 

„  acanthozonis,  H.  J.  H. 

„  amphilochi,  H.  J.  H. 


Iphinoe  trispinosa  (Goodsir). 
LHastylis  lucifera  (Kroyer). 


Erythrops  abyssorum,  G.  0.  Sars. 

Erythrops  serrata,  G.  O.  S.;  E, 
abyssorum^  G.  O.  S.;  and  Par- 
erythrops  obesa,  G.  0.  S. 


» 


»y 


antillensis,  H.  J.  H. 
argisscBj  H.  J.  H. 


rasitic  on  Amphipoda. 

Astyra  abyssi,  Boeck. 
Acanthozone  cuspidata  (Lepech.). 
Amphilochoides  odontonyx  (Boeck). 

{=:Amphilochoid£s  pusillus,  G. 

O.  Sars). 
Corophium  boneliif  M.-Edw. 
Argissa  hamatipes^  Norman  {=A. 

typiea,  Boeck). 
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Names  of  the  Parasites. 

Names  of  the  Hosts. 

Spharonella 

aiyli,  H.  J.  H. 

Paratylus  sioammerdamiQ/L,-^^.). 

bonnieri,  H.  J.  H. 

Protomedia  fasciata^  Kroyer. 

caliopii,  H.  J.  H. 

CaUiopius  Iceviuscultts  (Kroyer). 

♦           » 

caUiaomce,  T.  Scott. 

Calliso7na  crenaia,  Spence  Bate. 

copen^,  H.  J.  H. 

Lemboides  afer,  Stebbing. 

ehinenaiSf  H.  J.  H. 

Corophium  bonelliiy  M.-Edw. 

«          » 

duthce,  T.  Scott. 

Harpinia  pedinata,  G.  0.  Sars. 

danica,  H.  J.  H. 

Corophium  crassicome  (Bruz.). 

dulichuBf  H.  J.  H. 

Dtdichia  Dwnocantha^  Metzger. 

degantvlay  H.  J.  H. 

Cheirocrates  sundewalli  (Rathke). 

frontcdi\  H.  J.  H. 

Ampdisca  macrocephaia,  Lillj. 

giardit,  H.  J.  H. 

Protomedia  fasciaia^  Kroyer. 

giianopaidis,  H.  J.H. 

Gitanopsis  ardica,  G.  0.  Sars. 

;^ZWZt,  H.  J.  H. 

Paramphithoe  boedcii,  H.  J.  H. 

intermedia^  H.  J.  H. 

Bruzelia  typiea^  Boeck. 

irregularis^  H.  J.  H. 

Metopa  nibrovUtatay  G.  0.  Sars. 

leptocheira,  H.  J,  H. 

Leptocheirus  guttatus,  Grnbe. 

longipes,  H.  J.  H. 

Ampdisca  fenuicomis,  Lil^. 

messtnensis,  H.  J.  H. 

Gammaropsis  melanops,  G.  0.  Sars. 

metopw^  H.  J.  H. 

Metopa  bruzdii  (Goes.). 

microcephala,  Giard 
and  Bonnier. 

Ampdisca  typica,  Spence  Bate. 

♦           » 

viinuta^  T.  Scott. 

Perioculoiles  longimanus  (Spence 
Bate). 

♦               n 

paradoxa^  H.  J.  H. 

Bathyporefa  norvegica^  G.  0.  Sars ; 
B.  pdagica  (Bate);  and  B, 
roberisoni  (Bate). 

vestita,  H.  J.  H. 

Microprotopus  maculatus^  Norman. 

(b)  SpJueronellas  p 

arasitic  on  Isopoda. 

SphasroneUa 

affiniSf  H.  J.  H. 

Janira  maculosa^  T/cach. 

>» 

eurtipes,  H.  J.  H. 

„     spinosa,  Harger. 

»> 

7n2/n7iop»'JMyH.  J.  H. 

Munnopsis  typica^  M.  Sars. 

^c)  Sphayronellas  p 

arasitic  on  Sympoda. 

Sphn'onella 

decm'ata,  H.  J.  H. 

Diastylis  rathkeiy  Kroyer. 

ft 

dispar,  H.  J.  H. 

EudoreUa  iruncatvla  (Spence  Bate). 

»> 

insigniSf  H.  J.  H. 

Diastylis  comuta,  Boeck ;  and  D, 
rostratus,  Goodsir  (=/>.  Icevis 
Norman). 

)> 

marginata,  H.  J.  H. 

Iphinoe  trispinosa  (Goodsir). 

>> 

modesta,  H.  J.  H. 

Eudordla  emarginata  (Kroyer). 

«               n 

pygnubaj  T.  Scott. 

Pseudocuma  simUis^  G.  0.  Sars. 

Gen.  StenotTiocheres,  H.  J.  H. 

*Stenothochere8  eareaius,  H.  J.  H. 

^A     ^^                                                             ^B                                             ^B    S     S            M   ^^^M                                 ^                                               ^fe 

fcf-       4^-           J              ._- 

Metopa  bruzdii  (Goes),  and 

sarsi,  H.  J.  H. 

Mdopa  borealiSf  G.  0.  Sars. 

>» 

v^-v  *    %^Va      ^b^kS      ^^   •      ^b^bff 

Sienothoe  marina,  Spence  Bate. 

Gen.  Salenskya,  Giard  and  Bonnier. 

*5a/cn«A:ya 

tuberosoj    Giard    and 

A                  »  •                          •       •                   T^              1_ 

Bonnier. 

Ampdisca  spintpes,  Boeck. 
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AMPHIPODA. 

The  following  notes  on  some  species  belonging  to  the  Amphipoda  and 
one  or  two  other  groups  of  the  Malocostraca  obtained  in  plankton — 
samples  collected  during  the  investigations  recently  carried  out  by  Dr. 
T.  Wemyss  Fulton  in  the  North  Sea  and  the  Moray  Firth — may  be  of 
interest. 

'  Hi/peria  medusarum  (0.  F.  Muller).  This  species,  which  appears  to 
have  a  decidedly  northern  and  Arctic  distribution,  and  of  which  there  is 
so  far  no  authentic  British  record,  was  obtained  in  a  surface  plankton- 
sample  collected  about  180  to  185  miles  east  by  north  of  Aberdeen  on 
October  8th,  1903.  One  or  two  full-grown  females  and  several  young 
specimens  were  noticed.  In  the  same  gatherings  there  were  observed 
Clione  borealis  and  Linmcina  retroveraa — two  northern  Pteropods — as 
well  as  TrypTiosa  nanoides,  Hoplonyx  cicada,  and  some  other  and 
commoner  forms. 

Tryphaiia  mcdmi,  Boeck.  This  curious  and  brightly  coloured  little 
Amphipod  occurred  in  a  surface  gathering  collected  off  the  Ord  of  Caith- 
ness, Moray  Firth,  on  November  21st,  and  in  a  bottom  gathering  collected 
off  Lossiemouth  on  December  29th,  1903.  This  is  the  first  time  I  have 
met  with  Tryphana  so  close  to  the  Scottish  north-east  coast,  but  the  Rev. 
Canon  A.  M.  Norman  records  its  occurrence  at  Banff,  whence  specimens 
were  sent  to  him  many  years  ago  by  Thomas  Edward.*  Professor  G.  0. 
Sars  in  his  great  work  on  the  Crustacea  of  Norway  records  this  species 
from  three  different  places  on  the  west  coast  of  Norway,  and  only  from 
deep  water ;  he  states  further  that  Boeck  also  obtained  it  in  deep  water 
in  HardangerQord.t  The  only  other  localities  which  Norman  gives  in 
his  note  on  the  distribution  of  the  species  are  the  Faroe  Isles  and  North 
Atlantic,  lat.  18*  8',  long.  30*  5'  W.  (Stebbing).  Tryphana  maJmi  may, 
however,  be  less  rare  than  the  apparent  dearth  of  information  concerning 
its  distribution  would  seem  to  imply.  I  have  obtained  it  in  at  least  two 
plankton-samples  from  the  Shetland  Islands,  in  addition  to  the  two 
mentioned  above.t 

Anonyx  nugax  (Phipps).  This  species,  rarely  met  with  in  the  British 
seas,  was  captured  in  Aberdeen  Bay  on  December  23rd,  1903.  The  species 
was  taken  for  the  first  time  in  Scottish  waters  in  February,  1889  ;  on 
that  occasion  it  was  obtained  near  May  Island,  at  the  mouth  of  the  Forth 
estuary .§  It  was  again  met  with  in  January,  1901,  in  the  Cromarty 
Firth,  when  specimens  collected  on  the  10th  of  that  month  by  Mr.  F.  G. 
Pearcey  were  forwarded  to  the  Fishery  Board's  Laboratory  at  Bay  of 
Nigg,  near  Aberdeen,  ||  and  the  present  record  of  its  occurrence  in 
Aberdeen  Bay  is  the  only  other  occasion  on  which  it  has  been  observed 
off  the  east  coast  of  Scotland.  None  of  the  Scottish  specimens  of 
Anonyx  nugax  have  attained  to  anything  like  the  size  of  some  Arctic 
examples. 

Hoplonyx  cicada  (Fabricius).  This  species,  which,  like  the  last,  is 
also  a  northern  form,  has  already  been  referred  to  in  the  note  on  Hyperia 

*  British  Amphipoda  of  the  Tribe  Hyperiidso,  &c.,  Ann,  and  Mag.  Nat.  Hist.,  (7),  vol. 

▼.,  p.  m(  January]  900). 

f  Crustacea  of  Norwaji  vol.  i.,  Amphipoda,  p.  18. 

X  Conseil  permanent  International  poor  I'exploration  de  la  Mer ;  Bull,  des  Results, 

Pt.  D.,  for  August*  1903,  pp.  44-47. 
§  Eleventh  Ann.  Rent,  of  the  Fuhery  Board  for  Scotland,  Part  III.,  p.  212,  pi.  v.,  fig. 

18-20  (1898). 
II  Nineteenth  Ann,  Rept.  of  the  Fishery  Board  for  Scotland,  Pt.  III.,  p.  2(18  (1901). 
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medusarum  ;  but  the  largest  specimen  observed  in  the  collections  under 
consideration  was  obtained  in  the  same  gathering  with  Anonyx  nugax, 
from  Aberdeen  Bay.  Though  the  species  appears  to  be  widely  distributed 
along  the  west  side  of  the  British  Islands,  the  records  of  its  occurrence  on 
the  east  coast  of  Scotland  appear  to  be  very  few,  and  its  presence  in 
Aberdeen  Bay  is  all  the  more  interesting. 

It  may  be  stated  that  the  gathering  from  Aberdeen  Bay  collected  on 
December  23rd,  1903,  contained  a  considerable  number  of  other  species 
of  Amphipoda  besides  the  two  I  have  specially  mentioned,  and  the  names 
of  the  following  may  be  given,  Acidostoma  obesumy  Tryphosa  lontjipes^ 
Ampdisca  spinipes^  Iphim^dea  minufa^  and  one  or  two  fine  specimens  of 
AmathUla  Jiwnari,  Specimens  of  JHaatylU  rostrata  and  SirieUa  armata 
were  also  observed. 

Haipinta  pectinata,  G.  O.  Burs.  The  occurrence  of  the  single  specimen 
of  Harpinia  pectinata  already  mentioned  in  connection  with  Sphmronella 
cluthcBy  whose  host  it  was,  is  of  sufficient  interest  to  be  specially  referred 
to  in  these  notes.  The  only  stations  that  may  be  considered  as  within 
the  British  limits  where  this  species  has  hitherto  been  observed  "  are  all  to 
the  west  of  Ireland  and  between  Ireland  and  Rockall."*  Its  capture  at 
the  mouth  of  the  Clyde  estuary  may  be  an  indication  that  it  may  be 
found  in  other  places  when  carefully  sought  for.  H,  pectinata,  which 
seems  to  be  confined  to  moderately  deep  water,  is  a  form  that  may  easily 
be  mistaken  for  a  more  common  species,  the  characters  by  which  it  is 
distinguished  being  not  easily  made  out  without  dissection.  Professor 
G.  0.  Sars  speaks  of  it  as  being  "  by  no  means  rare  "  off  the  south  and 
west  coasts  of  Norway  and  occurring,  as  a  rule,  in  company  with  ff. 
neglecta.  The  Rev.  T.  R.  R.  Stebbing  has  seen  the  Clyde  specimen  and 
confirms  my  identification. 

Metopa  horealiSy  G.  O.  Sars.  The  occurrence  of  this  species  in 
Aberdeen  Bay  has  already  been  referred  to  under  tlie  ChoniostomatidsB 
as  one  of  the  hosts  of  SterwtJiocheres  egregitis.  Metopa  horealiSy  like  M, 
alderi  and  one  or  two  other  members  of  the  same  genus,  has  an  unarmed 
telflon,  but  with  the  assistance  of  Professor  G.  O.  Sars'  excellent  mono- 
graph, it  need  not  be  confounded  with  any  of  the  other  species  referred 
to.  M,  horealia  is  a  northern  form,  but  appears  to  have  a  fairly  wide 
distribution  ;  it  is  one  of  the  rarer  forms  recorded  by  Dr.  Robertson  from 
the  l^irth  of  Clyde. 

Paratylus  falcatiis,  Metzger.  One  or  two  specimens  of  Paratylus 
fcdcatvs  were  obtained  in  a  tow-net  gathering  collected  in  the  Dornoch 
Firth  on  December  26th,  1903.  Though  this  Paratylus  bears  a  strong 
resemblance  to  P,  uncinatuSy  G.  O.  Sars,  the  tooth-like  posterior  projec- 
tions of  the  segments  of  the  metasome  on  the  dorsal  aspect  readily 
distinguish  it.  I  have  found  both  forms  in  Scottish  waters,  but  neither 
of  them  very  common. 

Megaluropus  agilis,  Korman.  This  somewhat  curious  species,  readily 
distinguished  by  the  peculiar  form  of  the  eyes,  was  obtained  in  a  bottom 
plankton-sample  collected  on  December  29th  about  three  miles  oflf 
Lossiemouth,  Moray  Firth. 

ISOPODA. 

Idothea  negUcia^  G.  0.  Sars.  Professor  G.  0.  Sars  in  his  great  work  on 
the  Crustacea  of  Norway,  now  in  course  of  publication,  has  in  Volume  II. 

*  British  Amphipoda,  by  Rev.  A.  M.  Norman  ;  Ann,  and  Mag,  Nat,  IliH.^  (7),  vol. 

v.,  p.  837  (April,  1900). 
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(Isopoda)  described  as  dLstinct  species  one  or  two  forms  which  previously 
have  apparently  been  included  with  the  Isopod  known  as  Idotea  trictapi- 
data,  which  was  in  consequence  considered  to  be  a  variable  species.  One  of 
the  forms  referred  to,  which  Professor  Sars  has  raised  to  specific  rank  is 
named  by  him  Idothea  negleda,*  and  he  states  concerning  it  that  it 
"  occurs  along  the  whole  Norwegian  coast  from  Christiania  Fjord  to  Yadso, 
and  is  often  found  in  great  abundance  among  decaying  algae  in  depths 
ranging  from  six  to  twenty  fathoms/'  This  form  is  prol]«kbly  not  un- 
common round  the  coasts  of  Scotland,  and  is,  I  think,  included  among 
the  varieties  of  '  Idotea  tncuspylata '  described  in  Bate  and  Westwood's 
Sessile-eyed  Crustacea. t  Idothea  neglecta  appears  to  be  moderately 
frequent  in  some  parts  of  the  Clyde  estuary  ;  my  friend  Mr.  Alexander 
Patience  of  Glasgow,  who  first  directed  my  attention  to  its  occurrence  in 
the  Clyde,  has  obtained  a  considerable  number  of  specimens,  which  he  has 
been  kind  enough  to  let  me  examine,*  and  there  are  several  specimens  in 
the  collection  in  the  Fishery  Board's  Laboratory,  Bay  of  Nigg,  which  are 
also  from  the  Clyde  district.  The  average  size  of  the  male  of  this  Idothea 
is  stated  by  Sars  to  be  25  millimetres  in  length  (=1  inch).  Cne  of  the 
specimens  in  the  Laboratory  is,  however,  much  larger  than  that,  being  33 
millimetres,  while  others  in  the  same  collection  measure  28,  27,  25,  and 
20  millimetres.  The  female  is  much  smaller  than  the  male,  its  average 
size  being,  according  to  Sars,  only  16  millimetres.  All  the  specimens  in 
the  Laboratory  have  been  collected  in  different  parts  of  upper  Loch  Fyne 
during  1897  and  1899. 

Idothea  neglecta  has  not  yet  been  recorded  from  the  east  coast  of 
Scotland. 

SYMPODA. 

Eudorellopsis  defonnis  (Kroyer).  This  curious  little  species  was 
obtained  in  a  plankton-sample  collected  by  the  s.s.  "  Glenogle  "  about 
fifty  miles  to  the  eastward  of  the  May  Island,  Firth  of  Forth,  on  August 
20th,  1903  ;  the  species  has  been  observed  in  various  other  localities,  but 
very  sparingly  and  usually  in  moderately  deep  water. 

Pseudoeuma  simUis,  G.  O.  Sars.  This  species  has  already  been  referred 
to  as  the  host  of  SphcuroneHa  pygmaea  under  the  ChoniostomatidaQ  ;  a 
few  specimens  occurred  in  a  plankton-sample  collected  in  moderately  deep 
water  about  three  miles  off  Lossiemouth,  in  the  Moray  Firth,  on  December 
29th,  1903.  Pseudoeuma  similis  resembles  the  more  common  P,  cerearia 
very  closely,  and  this  may  be  the  reason  it  has  only  recently  been 
recognised  as  a  British  species. 

A  considerable  number  of  other  microcrustaceans,  more  or  less  interest- 
ing, have  been  noticed  in  various  plankton-samples  collected  during  the 
recent  fishery  investigations  carried  out  under  the  direction  of  Dr.  Fulton 
in  the  North  Sea  and  Moray  Firth.  These  may  be  described  in  a  sub- 
sequent paper  dealing  more  generally  with  that  group  of  marine  organisms. 

I  take  this  opportunity  to  substitute  other  generic  names  in  room 
of  two  that  have  recently  been  adopted  for  certain  forms  of  Copepoda, 
but  which  I  now  find  to  be  pre-occupied. 

(a).  Genus  Platypar/Uua,  T.  Scott,  Twe^itieth  Repoi*t  of  the  Fiahefi^ 
Board  for  Scotland  (1902),  Pt.  III.,  p.  455.  I  ficd  that  PlatypayUm 
was  used  in  1869  both  by  Dr.  Bitsema  and  Professor  Westwood  for  a 

*  Cru&tocoa  of  Norway,  vol.  ii.,  p.  84.,  pi.  xxxv,  fig.  1. 
fBritiflh  Sessile-eyed  Crustacea,  vol.  ii.,  p.  381,  text  figs. 
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genus  of  Coleoptera,  its  use  by  me  for  a  genus  of  Copepoda  must  therefore 
apse,  and  the  name  I  propose  to  substitute  for  it  is  Jeandla,  the  diminu- 
ive  of  the  proper  name  Jean. 

(b)  Genus  FararUhessitts,  T.  Scott,  Tv)enty-Jirst  Report  of  the  Fishery 
Board  for  Scotlaiid  (1903),  Pt.  TIL,  p.  120.  This  name  has  already 
been  used  by  Professor  Glaus  for  a  genus  of  Copepoda  different  from  that 
described  in  the  Report  meutiontid,  and  it  must  therefore  be  replaced  by 
another,  anH  the  name  I  propose  to  substitute  for  it  is  Heteranthestiua. 


DESGRIPTION  OF  THE  PLATES. 


PLATE  XHL 

MofiAtrilla  i<mgieomiSf  I.  C.  Thompson. 

Fig.  1.  Female,  dorsal  view 

Fig.  2.  Male,  dorsal  view 

Fig.  t3.  Antennule,  female 

Fig.  4.  Fifth  pair  of  thoracic  feet,  female 

Fig.  5.  Abdomen  and  caudal  furca,  female 

Fig.  6.  Antennule,  male 

Fig.  7.  Abdomen  and  caudal  furca,  male,  ventral  aspect 

MonatriUa  gracilicauday  Giesbrecht. 

Fig.     8.  Female,  dorsal  view        .... 
Fi^.     9.  Antennule,  female  .  .  .     -       . 

Fig.   10.  Abdomen  and  caudal  furca,  female, 

MonatrUla  grandu,  Giesbrecht. 

Fig.   11.  Female,  dorsal  view        .... 
Fig.   12.  Male,  dorsal  view  .... 

Monstriila  anglica^  Lubbock. 

Fig.  13.  Female,  dorsal  view       ..... 

Monstrilla  dubia,  T.  Scott,  sp.  n« 

Fig.  14.  Female,  dorsal  view 

Thaumcdeus  rigidus,  I.  G.  Thompson. 

Fig.   15.  Female,  dorsal  view        .... 
Fig.   16.  Antennule,  female  .... 

Fig.  17.  Fifth  pair  of  thoracic  feet,  female 

Thaumaleus  zttlandictis,  T.  Scott,  sp.  n. 

Fig.  18.  Female,  dorsal  view        .... 
Fig.  19.  Male,  dorsal  view  .... 


Diam. 


X  ! 

26-5. 

X 

35. 

X 

40. 

X 

53. 

X 

80. 

X 

53. 

X 

80. 

X 

35. 

X 

53. 

X 

79. 

X 

26. 

X 

35. 

X     21. 


X     26. 


X  35. 
X  130. 
X   130. 


X     21. 
X     21. 


PLATE  XIV. 
Thaumaletts  thompwni,  Giesbrecht. 


Fig.  1 .  Female,  dorsal  view 

Fig.  2.  Antennule,  female 

Fig.  3.  Fiftli  pair  of  thoracic  feet,  female 

Fig.  4.  Abilomen  and  caudal  furca,  female 


X20-5. 
X  79. 
X  79. 
X     97. 
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ThaumcUeus  rostrcUua,  T.  Scott,  sp.  n. 


Fig. 
Fig. 
Fig. 
Kg. 


5.  Female,  dorsal  view 

6.  Antennule,  female 

7.  Fifth  pair  of  thoracic  feet,  female 

8.  Abdomen  and  caudal  furca,  female 


MonstriUa  grandiSf  Giesbrecht. 


Fig.     9.  Antennule,  female  .... 

Fig.  10.  Fifth  pair  of  thoracic  feet,  female 
Fig.  11.  Abdomen  and  caudal  furca,  female 

MonstriUa  anglica,  Lubbock. 

Fig.  12.  Antennule,  female  .... 

Fig.  13.  Fifth  pair  of  thoracic  feet,  female 
Fig.  14.  Abdomen  and  caudal  furca,  female 

Monstrilla  grroct/icaiMia,  Giesbrecht. 
Fig.  15.  Fifth  pair  of  thoracic  feet,  female 

Mon&triUa  dubia,  T.  Scott,  sp.  n. 

Fig.  16.  Antennule,  female  .... 

Fig.  17.  Fifth  pair  of  thoracic  feet,  female 
Fig.  18.  Abdomen  and  caudal  furca,  female 

Hiaumal^us  rigidua,  I.  C.  Thompson. 

Fig.  19.  Abdomen  and  caudal  furca,  female 

Thaumaleua  zetkmdictu,  T.  Scott,  sp.  n. 

Fig.  20.  Antennule,  female  .... 

Fig.  21.  Fifth  pair  of  thoracic  feet,  female 
Fig.  22.  Abdomen  and  caudal  furca,  female 
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PLATE  XV. 


Monstrilla  grandis,  Giesbrecht. 


Fig. 
Fig. 


Fig. 
Fig. 


.Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


1.  Antennule,  male  • 

2.  Abdomen  and  caudal  furca,  female 


Thaumaleus  zetlandicua,  T.  Scott,  sp.  n. 


3.  Antennule,  male  . 

4.  Abdomen  and  caudal  furca,  male 


Stenotlioclieres  egregiuSf  Han. 


5.  Side  view,  female 

6.  Dorsal  view,  female 

7.  Antennule,  female 

8.  Antenna,  female . 

9.  Foot  of  first  pair 
10.  Foot  of  second  pair 


Sphtxrondla  minuta,  T.  Scott,  sp.  n. 


11.  Female,  side  view 

12.  Female,  dorsal  view 

13.  Antennule 

14.  First  maxilliped  . 

15.  Second  maxilliped 
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8p?MTonella  paradoxa,  Han. 


Fig.  16.  Female,  side  view 

Fig.  17.  Female,  dorsal  view 

Fig.  18.  Antennule 

Fig.  19.  Maxillipcd 


SpIutroneUa  caMisoma:,  T.  Scott,  sp.  n. 


Fig.  20. 
Fig.  21. 
Fig.  22. 
Fig.  23. 
Fig.  24. 
Fig.  25. 
Fig.  26. 
Fig.  27. 


Female,  side  view 
Female,  dorsal  view 
Antennule 
Antenna  . 
Mandible . 
Maxilla 

First  maxilliped 
Second  maxilliped 


Sph(tr(mella  dtUfue,  T.  Scott,  sp.  n. 


Fig.  28.  Female,  side  view 
Fig.  29.  Female,  dorsal  view 
Fig.  30.  Second  maxilliped 


SpJutronella  pygnnta,  T.  Scott,  sp.  n. 


Fig.  31.  Female,  side  view 

Fig.  32.  Female,  dorsal  view 

Fig.  33.  First  Maxilliped 

Fig.  34.  Second  Maxillipod 


Sj^hcercnella  atnphilochi,  Han. 


Fig.  35.  Female,  side  view 

Fig.  36.  Antennule  of  the  same  . 
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v.  — REPORT  ON  THE  OPERATIONS  AT  THE  MARINE 
HATCHERY,  BAY  OF  NIGG,  ABERDEEN,  By  Dr.  T. 
Wemtss  Fulton,  F.R.S.E.,  Superiniyendent  of  Scientific 
Investigations. 


Daring  the  season  of  1903  the  operations  on  the  hatching  of  plaice 
were  continued  on  a  considerable  scale  as  in  previous  years,  and  under 
the  same  conditions  as  are  described  in  preceding  reports.  It  need  only 
be  stated  that  the  supply  of  fertilised  eggs  is  obtained,  not  by  stripping 
the  ripe  fishes  of  their  eggs  and  milt,  as  is  done  in  some  other  marine 
fish  hatcheries,  but  by  retaining  the  fishes  from  season  to  season  in  a 
large  tidal  pond,  feeding  them,  and  at  the  spawning  season  simply 
collecting  the  eggs  from  the  water  by  appropriate  means,  and  trans- 
ferring them  to  the  hatching  apparatus.  For  this  method,  a  large 
retaining  pond  is  necessary,  and  the  one  constructed  at  the  Bay  of 
Nigg  has  answered  its  purpose  admirably,  the  fishes  remaining  in  it 
tfiroughout  the  year  in  good  health  and  supplying  their  eggs  at  the 
proper  period  with  a  minimum  of  trouble  to  the  attendants,  and  with 
good  results  in  regard  to  the  success  of  incubation. 

One  of  the  consequences  of  this  system  which  contrasts  with  the 
condition  at  Dunbar,  where  the  fishes  were  merely  retained  in  the  pond 
for  some  time  before  the  spawning  began,  is  that  spawning  goes  on  for 
a  much  longer  time  than  used  to  be  the  case  under  the  former  system. 
It  begins  earlier  and  may  continue  longer,  the  dates  varying  with  the 
temperature  to  some  extent,  but  the  extent  of  the  season  is  always 
greater.  Thus  at  Dunbar  the  collection  of  eggs  did  not  as  a  rule  com- 
mence tiU  March,  the  principal  reason  being  that  the  fishes  had  not  had 
time  to  become  accustomed  to  their  restraint  in  confinement  after  being 
placed  in  the  pond,  and  they  retained  their  eggs  instead  of  spawning  in 
a  natural  way,  very  often  with  fatal  results,  as  described  in  previous 
reports.  In  point  of  fact  they  did  not  spawn  until  they  had  become 
accustomed  to  the  conditions  in  which  they  were  placed.  The  respective 
dates  for  the  beginning  of  the  spawning  at  Dunbar  and  at  the  Bay  of 
Nigg  are  as  follows : — 

9th  March  to  8th  May  = 
23rd  March       „  23rd  May   = 

8th  March  „  8th  May  = 
22nd  February  „  11th  May  = 
15th  February  „  7th  May  = 
10th  March       „  29th  April  = 

10th  March       „  5th  May    =     56 

22nd  January    „  2nd  May    =100 

8th  February  „  25th  April  =     76 

23rd  January   „  16th  May   =  113 


60 

days 

61 

» 

61 

)» 

78 

>i 

81 

}» 

50 

«« 

It  will  be  observed  that  the  mean  duration  of  the  spawning  process 
at  Dunbar  owing  to  this  delay  in  its  commencement  was  sixty-five  days, 
while  at  the  Bay  of  Nigg  the  mean  duration  has  been  eighty-six  days, 
or  twenty-one  dlays  longer.  In  the  first  season  at  the  Bay  of  Nigg  the 
hatchery  was  not  ready  in  time,  and  in  the  third  season  the  beginning 
of  spawning  was  delayed  by  cold,  though  the  termination,  which  was 
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earlier  than  usual,  was  natural.  The  ordinary  duration  of  the  spawning 
season  of  the  plaice  appears  to  be  about  the  longer  periods,  extending 
over  three  full  months  and  part  of  other  two — and  the  observation  is  of 
some  importance  in  fishery  investigations. 

Eggs  were  observed  in  small  numbers  a  few  days  before  the  regular 
collection  began,  and  a  few  were  found  after  the  date  when  the  collection 
ceased.  The  total  number  of  eggs  secured  from  the  pond  by  means  of 
tow-nets  was  about  65,940,000,  the  eggs  being  measured  in  a  vessel  of 
known  capacity  and  the  number  thus  estimated.  Spawning  took  place 
for  the  most  part  in  March,  the  numbers  of  eggs  secured  in  the  various 
months  being  as  follows : — 

January,  -  -  -  240,000 

February,  -  -  -  11,840,000 

March,   -  .  -  -  37,080,000 

April,     -  -  -  -  15,900,000 

May,       -  -  -  -  880,000 

In  some  years  the  bulk  of  the  spawning  occurs  in  the  early  part  of 
April.  On  some  mornings  in  March  last  year  as  much  as  five  gallons 
of  eggs  were  taken  from  the  pond.  Of  the  number  of  eggs  collected 
81  per  cent,  were  hatched,  and  the  remainder  succumbed  at  one  stage 
or  another  in  the  apparatus ;  there  is  reason  to  suspect  that  some  of 
the  eggs  which  are  lost  in  this  way  are  not  fertilised,  a  tendency  having 
been  shown  to  economise  the  space  in  the  pond  by  having  in  it  an 
unduly  large  proportion  of  females  at  the  expense  of  the  nuiaber  of 
males. 

The  estimated  number  of  fry  which  were  hatched  and  kept  for  a 
period  in  the  apparatus  was  53,600,000,  and  they  were  afterwards 
placed  in  the  sea,  most  of  them  being  liberated  a  few  miles  off  Aberdeen, 
by  means  of  a  fishing  yawl.  At  the  request  of  the  line-fishermen 
further  up  the  coast  a  number  were  set  free  on  three  occasions  ofi 
Fraserburgh,  the  total  distributed  there  being  about  16,000,000. 

The  particulars  as  to  the  distribution  of  the  fry  and  the  details  as  to 
the  numbers  of  eggs  collected  throughout  the  season  are  given  in  the 
tables  appended,  which  also  show  the  variations  in  the  temperature  and 
the  specific  gravity  of  the  water  in  the  spawning  pond  and  on  the 
beach. 

The  number  of  fishes  kept  in  the  pond  to  act  as  the  breeding  stock 
was  as  usual  supplemented  in  autumn  by  others  caught  by  means  of 
trawlers  and  brought  alive  to  the  hatchery  in  large  tubs ;  for  there  is 
always  a  certain  amount  of  natuiul  mortality  among  them,  particularly 
during  the  summer.  The  plaice,  as  hitherto,  were  fed  on  mussels,  which 
are  usually  removed  from  their  shells,  but  are  sometimes  only  crushed. 

The  ponds  and  apparatus,  which  have  been  described  in  preceding 
annual  reports,  continue  to  serve  their  purpose  well,  and  the  water 
supply,  both  in  regard  to  temperature,  density,  and  purity,  is  very 
suitable  for  the  work.  The  only  changes  that  have  been  made  in  the 
arrangements  consist  in  the  removal  of  the  water  tumbling-box  from 
the  inside  of  the  hatchery,  where  it  was  served  with  the  incoming  water, 
to  the  outside,  where  it  is  now  operated  by  the  out-flowing  water.  The 
box  is  necessary  to  provide  the  motive  power  to  the  Dannevig  hatching 
apparatus,  and  it  was  found  to  interfere  to  some  extent  with  the 
pressure  of  the  water  to  one  side  of  the  hatchery  and  thus  to  retard  the 
supply.  Also  by  the  fitting  up  of  the  tank-house  for  scientific  experiments 
it  was  found  necessary  to  divert  a  portion  of  the  water  from  the 
reservoir  tank  for  this  purpose,  and  the  change  necessitated  a  little  more 
pumping  early  in  the  mornings. 
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The  question  of  attempting  to  rear  the  fry  on  a  fairly  large  scale  has 
been  considered.  It  not  unfrequently  happens  that  at  the  end  of  the 
hatching  season  young  metamorphosed  plaice  are  found  in  some  part  of 
the  apparatus,  which  have  succeeded  in  passing  the  post-larval  stages, 
although  it  is  not  easy  to  get  such  forms  when  it  is  attempted  to  rear 
them.  The  difficulty  is  in  providing  a  supply  of  suitable  food,  and  it  is 
proposed  to  utilise  a  tank  to  act  as  a  receptacle  for  spawning  invei'te- 
brates,  so  that  the  water,  enriched  with  the  embryos  and  larvje  may  be 
used  to  supply  the  young  fishes. 

For  a  few  years  the  placing  of  the  fry  in  Loch  Fyne  has  been  inter- 
mitted, and  they  have  been  distributed,  as  described,  along  the  coast  of 
Aberdeenshire.  The  reason  for  doing  so  is  in  order  to  enable  observa- 
tions as  to  the  abundance  of  young  plaice  on  the  beaches  in  Loch  Fyne 
to  be  made  under  natural  conditions,  without  artificially  reared  fry  being 
placed  there  in  the  same  season,  and  the  push-net  examination  of  these 
beaches  is  being  continued  each  summer.  The  fry  were  originally 
taken  to  Loch  Fyne  without  such  observations  having  been  made 
beforehand,  and  there  were  therefore  no  data  for  comparing  the  abun- 
dance of  the  young  plaice  in  the  years  in  which  the  fry  were  put  into 
the  Loch.  From  the  natural  fluctuations  which  take  place  with  fish 
everywhere,  it  is  obvious  that  it  is  desirable  to  have  observations  candied 
on  long  enough  to  be  able  to  distinguish  one  cause  of  fluctuation  from 
the  other,  just  as  in  cases  where  the  influence  of  a  method  of  fishing,  or 
of  stopping  it,  requires  to  be  tested  in  the  same  way. 

During  the  hatching  season  the  hatchery  was  visited  by  deputations 
of  fishermen  from  the  coast  of  Aberdeen,  as  in  previous  years,  at  the 
request  of  the  Technical  Education  Committee  of  the  County  Coimcil, 
and  they  received  demonstrations  iis  to  the  processes  employed. 
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TABLE  I.— Showing  the  Daily  Progress  of  the  Hatching  Operations, 
as  well  as  the  Temperature  and  the  Specific  Gravity  of  Water 
in    the  Pond,  and  on  the  Beach. 


Date. 

Number  of 

Kggs 
Collected. 

Number  of 

foundDead 
in  Boxes. 

Number  of 

Fry 

put  out. 

Total  stock 
in  Boxes. 

The  Sea 

Water  in  the 

Pond 

at  Noon. 

The  Sea 

Water  on  the 

Beach 

at  Noon. 

Temp. 

Sp.gr. 

Temp. 

Sp.gr. 

Jan.  20 

•  •  ■ 

•  ■  a 

•  •  • 

Cent. 
31 

27-2 

Cent 
4-2 

27-2 

• 

„    21 

•  •  ■ 

•  •  • 

•  >  • 

3-8 

27-2 

4-4 

27-2 

»    22 

•  •  • 

■  •  • 

•  •  ■ 

40 

27-3 

5-0 

27-3 

n     23 

60,000 

■   •  • 

60,000 

4-1 

27-2 

5-0 

27-0 

.,    24 

•  •  • 

•  •  • 

•  •  • 

4-2 

27-4 

5-1 

27-0 

„    25 

•  ■  • 

... 

... 

... 

*  ■  • 

■  •  • 

„    26 

40,000 

100,000 

4-6 

27-3 

5-3 

27-1 

„    27 

20,000 

•  •  • 

120,000 

5-3 

27-2 

5-5 

27*2 

„    28 

» •  • 

•  •  • 

•  •  • 

5-4 

27-2 

5-4 

27-0 

„    29 

40,000 

•    ■  • 

160,000 

5-3 

27-3 

5-3 

27-0 

.    30 

40,000 

200,000 

5-5 

27-4 

5-4 
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„    31 

40,000 

... 

240,000 

5-6 

27-8 

5-2 

27-0 

Fob.   1 

■  •  • 

240,000 

•  •  • 

■  •  • 

•  •  • 

•  ■• 

i>      2 

120,000 

•  • . 

860,000 

4-2 

27-2 

5  0 

27-0 

n       3 

40,000 

•  •  • 

400,000 

4-1 

27-3 

5-0 

27-2 

n       ^ 

120,000 

... 

520,000 

4-2 

27-1 

4-9 

26*9 

M        5 

280,000 

•  •  • 

800,000 

4-0 

27-4 

4-6 

27-0 

n         6 

40,000 

60,000 

780,000 

4-0 

27-3 

5-1 

27-1 

„      7 

200,000 

... 

980,000 

•  •  • 

•  •  • 

... 

•  •  a 

„      8 

•  •  • 

•  •  • 

980,000 

a  •  • 

•  •  • 

•  •  • 

•  •  • 

n         9 

400,000 

•  •  • 

1,380,000 

4-4 

27-1 

4-8 

27-8 

n     10 

200,000 

... 

1,580,000 

4-6 

27-2 

5-0 

27-0 

n      11 

320,000 

80,000 

1,820,000 

4-4 

27-2 

4-9     27-1 

„      12 

160,000 

... 

1,980,000 

•  ■  • 

•  ■  • 

•  a  • 

•  >  • 

n      13 

320,000 

■  • « 

2,300,000 

•    a  • 

■  •  • 

•  •  ■ 

■  •  ■ 

»      1^ 

200,000 

•  •  ■ 

2,500,000 

... 

a  •  • 

■  ■  • 

•  •  • 

„      15 

■  •  • 

... 

2,500,000 

4-8 

27-4 

5-1 

27-0 

„      16 

480,000 

120,000 

2,860,000 

5-2 

27-3 

5-3 

27-1 

»    17 

560,000 

■  •  ■ 

3,420,000 

5-4 

27-5 

5-2 

27-0 

„      18 

480,000 

•  •  ■ 

3,900,000 

5-7 

27-3 

5-6 

27-2 

„    19 

600,000 

■  *  • 

4,500.000 

6-2 

27-2 

6-0 

27-1 

M    20 

800,000 

•  •  • 

5,800,000 

6-0 

27-3 

6*0 

26*8 

n     21 

• « • 

260,000 

5,040,000 

5-8 

27-4 

6-9 

27-0 
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Date. 

Number  of 

Eggrs 
Collected. 

Number  of 

found  Dead 
in  Boxes. 

Number  of 

Fry 

pat  out. 

Total  Stock 
in  Boxes. 

The  Sea 
Water  in  the 
Pond 
at  Noon. 

Tho  Sea 

Water  on  the 

Beach 

at  Noon. 

Temp. 

Sp.gr. 

Temp. 

3p.gr. 

Feb.  22 

1,320,000 

•  •  • 

•  •  • 

6,360,000 

Cent. 
5-5 

27-2 

Cent. 
5-9 

27  0 

„    23 

880,000 

■  •  • 

•  ■  • 

7,240,000 

4-8 

27-3 

5-7 

27  0 

»•  24 

320,000 

•  •  • 

•  •  • 

7,560,000 

4-4 

27-2 

6-4 

27-1 

n     25 

1,240,000 

100,000 

■  •  • 

8,700,000 

4*6 

27-8 

5 

27  0 

„    26 

880,000 

•  •  • 

•  •  • 

9,580,000 

4-4 

27-4 

6-3 

•  •  • 

,.    27 

1,160,000 

140,000 

•  •  • 

10,600,000 

4-5 

27-2 

6-0 

27-2 

n      28 

720,000 

•  •  • 

•  •  • 

11,320,000 

4-6 

27-2 

6-1 

•  •  • 

Mar.    1 

•  •  • 

•  •  • 

... 

11,320,000 

4-8 

27-3 

5-0 

27-0 

»      2 

1,680,000 

320,000 

12,680,000 

4-7 

27-5 

5-0 

27-1 

»      3 

1,200,000 

•  •  • 

... 

13,880,000 

4-4 

27-2 

5-0 

27-0 

„      4 

1,040,000 

•  •  • 

•  ■  • 

14,920,000 

4-8 

27-1 

5-3 

27-8 

M        6 

1,160,000 

•  •  • 

... 

16,080,000 

4-6 

27-2 

5-2 

27-0 

„      6 

980,000 

380,000 

16,680,000 

4-8 

27-2 

51 

27-0 

.,      7 

960,000 

220,000 

•  •  • 

17,420,000 

4*9 

27  0 

6-0 

27-1 

n       8 

•  •  • 

•  ■  • 

•  •  • 

17,420,000 

5-0 

27-4 

51 

27  0 

„      9 

1,720,000 

•  •  • 

•  •  • 

19,140,000 

4-8 

27-3 

5-1 

27-9 

„    10 

1,600,000 

480,000 

« •  ■ 

20,260,000 

5-0 

27-6 

5-2 
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„    11 

1,280,000 

•  ■  • 

« •  • 

21,540,000 

4-7 

27-2 

5-0 

27*2 

»    12 

960,000 

270,000 

•  •  • 

22,230,000 

4-9 

27-5 

5-1 

27-2 

„    13 

1,320,000 

•  ■  ■ 

■  •  • 

23,550,000 

5-1 

27-4 

6-3 

27-0 

n     14 

1,440,000 

220,000 

•  •  • 

24,770,000 

5-3 

27-4 

6-3 

27-1 

„    16 

k  •  • 

•  •  t 

•  •  • 

24,770,000 

5-2 

27-3 

5-2 

27-2 

„    16 

2,000,000 

330,000 

4,000,000 

22,440,000 

5-4 

27-4 

5-1 

27-0 

n     17 

•  •  • 

•  •  • 

•  •  • 

22,440,000 

6  0 

27-2 

5-4 

27-0 

„    18 

2,360,000 

360,000 

•  •  • 

24,440,000 

6-2 

27-4 

5-2 

27-2 

„    19 

1,160,000 

260,000 

•  •  • 

25,340,000 

5-6 

27-5 

5-1 

27  0 

„    20 

1,200,000 

460,000 

3,800,000 

22,280,000 

5-5 

27-3 

5-2 

27-9 

,,    21 

2,060,000 

•  •  ■ 

■  •  • 

24,340,000 

6-4 

27-5 

5-4 

27-1 

•      „    22 

•  •• 

360,000 

•  •  • 

23,980,000 

5-9 

27-6 

5-2 

27-3 

»    23 

8,600,000 

400,000 

•  •  • 

27,080,000 

6-2 

27-4 

6-4 

27-4 

n     24 

1,280,000 

820,000 

• « • 

28,040,000 

6-0 

27-3 

5-8 

27-2 

»    26 

1,620,000 

220,000 

•  ■  • 

29,340,000 

5-8 

27-3 

5-8 

27*1 
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Date. 

Number  of 
Collected. 

1 
1 

Number  of 

1  found  Dead 
in  Boxes. 

Number  of 

Fry 
put  out. 

Total  Stock 
in  Boxes. 

The  Sea 

Water  in  the 

Pond 

at  Noon. 

The  Sea 

Water  on  the 

Beach 

at  Noon. 

A 

Temp. 

Sp.gr. 

Temp. 

Sp.gr. 

Mar.  26 

1,220,000 

260,000 

4,300,000 

26,000 

Cent. 

•  •  • 

•  ■  • 

Cent. 

•  •• 

>  •  • 

n      ?7 

1,240,000 

320,000 

•  >  • 

26,920 

60 

27-2 

5-8 

27-8 

„    28 

■  •  • 

280,000 

■  •  ■ 

26,640,000 

6-2 

27-3 

5-8 

27-1 

„    29 

1,960,000 

•  •  • 

■  •  • 

28,600,000 

6-4 

27-5 

5-8 

27-2 

,.    80 

•  ■  • 

450,000 

•  •  • 

28,150,000 

6-3 

27-4 

5-9 

27-6 

„    31 

2,240,000 

340,000 

•  •  • 

30,050,000 

61 

27-2 

6-0 

27-3 

April  1 

... 

•  •  • 

4,000,000 

26,050,000 

6-2 

27-6 

5-8 

27-4 

„      2 

2,040,000 

420,000 

... 

27,670,000 

6-4 

27-3 

5-9 

27-3 

,.      3 

... 

27,670,000 

61 

27-1 

6-2 

27-0 

M      4 

1,560,000 

520,000 

•  ■  • 

28,710,000 

6-6 

27-4 

6-2 

27^ 

„      5 

1,040,000 

•  » • 

... 

27,750,000 

•  ■  ■ 

•  •  ■ 

•  •  a 

•  •  ■ 

n       6 

■  •  • 

280,000 

6,000,000 

23,470,000 

6-4 

27-5 

6-3 

27-1 

„      7 

480,000 

•  •  • 

22,990,000 

6-1 

27-3 

6-2 

27-4 

M      8 

1,960,000 

300,000 

t  ■  • 

24,650,000 

6-4 

27-6 

6-2 

27-8 

„      9 

1,160,000 

... 

•  •  • 

25,810,000 

7-0 

27-3 

6-6 

27-2 

„     10 

560,000 

470,000 

■  *  • 

25,900,000 

7-2 

27-4 

6-8 

27-0 

„    11 

800,000 

•  •  • 

•   a   ■ 

26,700,000 

6-8 

27-7 

6-6 

27-3 

„    12 

720,000 

•  •  • 

•  •  • 

27,420,000 

7-0 

27-8 

6-4 

27-0 

,.    13 

•  •  ■ 

320,000 

■  •  • 

27,100,000 

6-8 

27-6 

6-4 

27-4 

n     14 

1,220,000 

... 

■  «  • 

28,320  000 

6-5 

27-4 

6-1 

27-8 

M    15 

440,000 

260,000 

8,000,000 

20,480,000 

6-0 

27-5 

6-0 

27-3 

,,    16 

400,000 

•  •  • 

•  •  • 

20,880,000 

6-9 

27-8 

61 

27-4 

„    17 

400,000 

400,000 

•  •  • 

20,880,000 

5-4 

27-4 

60 

27-2 

»    18 

•  •  • 

•  •  • 

■  •  • 

20,880,000 

51 

27-6 

5-8 

277 

„    19 

800,000 

320,000 

•  •• 

21,360,000 

5-0 

27-8 

5-8 

27-4 

.,    20 

440,000 

•  •  • 

4,400,000 

17,400,000 

4-8 

27-2 

61 

27-2 

n     21 

340,000 

240,000 

•  •  • 

17,500,000 

4*9 

27-4 

•  •  • 

•  •  • 

„    22 

400,000 

260,000 

•  •  • 

17,640,000 

6-0 

27-8 

•  •  • 

•  •• 

»    28 

400,000 

• « • 

•  •  • 

18,040,000 

•  •  ■ 

•  •  ■ 

•  •• 

•  •  ■ 

.,     24 

•  •  • 

■  •  • 

•  •  • 

18,040,000 

6-8 

27-4 

5-8 

27-2 

,.    25 

••• 

340,000 

•  •  • 

17,700,000 

6-4 

27-6 

6-1 

27-6 

„    26 

820,000 

•  •  • 

•  •  • 

18,520,000 

6-6 

27-6 

6-4 

27-3 
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Date. 

Number  of 

Eggs 
CoUected. 

Number  of 

found  Dead 
in  Boxes. 

Number  of 

Fry 

put  out 

Total  Stock 
in  Boxes. 

The  Sea 

Water  ia  the 

Pond 

at  Noon. 

The  Sea 

Water  on  the 

Beach 

at  Noon. 

& 

Temp. 

Sp.gT. 

Temp. 

Sp.  gr. 

April  27 

•   •  • 

180,000 

•  •  ■ 

18,840,000 

Cent. 
6-3 

27-8 

Cent 
6-1 

27-3 

.,    28 

•  •  • 

... 

*  ■  ■ 

18,340,000 

60 

27-6 

6*2 

1 

27-5 

..    29 

•  •  • 

160,000 

•  •  • 

18,180,000 

6-4 

27-3 

6-2 

27-2 

„    30 

400,000 

•  ■  • 

7,800,000 

11,281,000 

... 

•  •  • 

•  •  • 

•  •  • 

Hay  1 

■  •  • 

•  •  • 

•  •  • 

11,281,000 

•  •  • 

•  ■  • 

•  •  ■ 

..      2 

■  •  • 

•  •  • 

•  t  • 

11,281,000 

•  •  • 

•  •  ■ 

... 

..      3 

400,000 

•  •  • 

•  •  • 

11,680,000 

•  ■  • 

... 

•  •  • 

,.      4 

•  •  • 

160,000 

... 

11,520,000 

... 

... 

... 

,,      5 

300,000 

•  •  • 

•  ■  ■ 

11,820,000 

... 

•  •  • 

... 

..      6 

•  •  • 

•  • « 

•  •  • 

11,820,000 

•  •  • 

•  •  • 

•  ■  • 

,,      7 

•  •  • 

■  •  • 

5,500,000 

6,320,000 

7-0 

27-2 

7-3 

..      8 

•  •  • 

•  •  • 

•  •  • 

6,320,000 

7-6 

27*3 

7-4 

„      9 

•  •  ■ 

•  •  • 

•  ■  • 

6,320,000 

8-0 

27-5 

7-2 

„    10 

60,000 

140,000 

•  •  ■ 

6,240,000 

8-4 
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7-6 

,,    11 

• « • 

•  •  • 

•  >  • 

6,240,000 

8-3 

27-2 

7-7 

„    12 

•  •  • 

60,000 

•  •  • 

6,180,000 

7-6 

27-3 

7-2 

,,    18 

60,000 

•  •  • 

•  •  • 

6,240,000 

8-1 

27-5 

7-4 

„    14 

•  *• 

•  •  • 

4,800,000 

1,940,000 

8-8 

27-4 

7-6 

.,    16 

40,000 

•  •  ■ 

•  •  • 

1,980,000 

8-6 

27-2 

7-3 

,.  le 

..    17 
,.    18 
„    19 
,,    20 

20,000 

•  •  ■ 

•  •  • 

•  •  V 

•  *  • 

2,000,000 

•  •  • 

91 

•  •  a 

27-4 

•  • 

7-8 

•  •  • 

•  •  • 

•  • 

•  •  • 

•  •  • 

•  ■  • 

«  •  • 
•  •  • 

2,000,000 

•  •  • 

•  •  • 

■  •  • 

•  •  V 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

■  •  ■ 

•  •  a 

*  •  • 

ToUls, 

65,940,000 

12,840,000 

58,600,000 

1 

' 
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TABLE  II. — Showing  particulars  in  connection  with  the 

Dijstribution  of  Fry. 


Date. 

Locality. 

Temp, 
of  the 
Water. 

Condition 
of  Weather. 

Number 

of  Fry 

Planted. 

March  16 

About  three  miles  off  Aberdeen  Hay. 

6'4'' 

•  •  ■ 

4,000,000 

„      20 

Three  miles  off  Girdleness. 

•  •  ■ 

Fair. 

8,800,000 

n       26 

Off  Aberdeen  Bay,  between  three  and 
four  miles. 

5^ 

•  •  • 

4,800,000 

April      1 

In  Aberdeen  Bay,  three  and  a  half  miles 
off. 

•  •  • 

•  •  • 

4,000,000 

»        6 

Off  Fraserburgh,  two  miles  off  Lighthouse. 

ser 

•  •  • 

6,000,000 

„      15 

Off  Fraserburgh,  outside  the  breakwater. 

*  •  • 

Sea  rough. 

8,000,000 

n       20 

About  two  miles  off  Aberdeen. 

c-s* 

•  •  • 

4,400,000 

»      30 

About  three  miles  off  Aberdeen. 

• 

•  •  • 

•  ■  • 

7,800,000 

May     7 

Three  and  a  half  miles  off  Girdleness. 

6-^ 

•  •  • 

5,500,000 

• 

„      14 

About  three  and  a  half  miles  off  Aberdeen 
Bay. 

T.S- 

•  •  • 

4,800,000 

„      20 

Fraserburgh,  about  two  and  a  half  miles 
off. 

7-1* 

Wind  light. 

2,000,000 
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VI.— ON  THE  POST-LARVAL  AND  EARLY  YOUNG  STAGES  OF 
THE  WITCH  {PLEURONECTES  CYNOGLOSSUS,  Linn.). 
By  H.  CnAS.  Williamson,  M.A.,  D.Sc,  Marine  Laboratory,  Aber- 
deen.    (Plate  XVI.) 

A  very  complete  series  of  post-larval  and  young  witches  has  been 
collected  by  Dr.  Fulton  and  these  ho  has  handed  to  me  for  descrip- 
tion. 

This  form  is  especially  interesting  in  that  it  has  a  very  long  post-larval 
period ;  it  reaches  a  large  size  before  it  takes  up  a  bottom  habitat,  t,e, 
before  its  transformation  from  a  bilaterally  symmetrical  fish  to  a  flat-fish. 

Drawings  of  eight  post-larval  and  two  young  stages  are  shown  in 
Plate  XVI.  An  extended  and  detailed  description  is  not  necessary,  as 
these  serve  sufficiently  to  indicate  the  general  form  and  the  arrangement 
of  the  black  pigmentation  so  far  as  the  latter  has  survived  preservation. 
All  of  the  specimens  had  been  preserved  in  a  solution  of  formaline  in 
seawater. 

Cunningham*  was  the  first  to  observe  the  larva  of  the  witch,  and 
his  description  may  be  here  incorporated.  He  says— "The  larva  is 
not  different  from  that  of  the  other  species  of  Pleuronectes  ;  its  length  is 
3*9mm. ;  there  is  no  pigment  in  the  eye;  a  number  of  very  minute  points 
are  scattered  down  the  sides.''     About   48  hours  after  hatching,    "  the 

length   is  now  increased  to  5'9mm ;  the  median  fin-fold  is 

much  wider;  the  eye  is  slightly  pigmented,  and  pigment  is  largely 
developed  in  the  skin  of  the  body ;  the  cutaneous  chromatophores  form  five 
well-marked  transverse  stripes  arranged  in  longitudinal  series  along  the 
sides,  three  of  them  on  the  tail,  are  in  the  region  of  the  rectum,  and  one 
about  the  pectoral  fin." 

Holtt  giv^  a  more  detailed  account  of  the  larva  and  early  post-larva. 
The  additional  particulars  which  he  furnishes  are  the  following : — The 
larva,  hatched  from  an  egg  captured  in  the  sea,  "had  pigment  of  a  pale 
chrome  colour  by  reflected  light,  and  of  a  dark  yellow  by  transmitted  light. 
This  extended  over  the  head,  eye,  and  throughout  the  trunk  and  free 
caudal  region,  and  over  the  yolk  ....  In  the  next  stage  black 
pigment  is  associated  with  the  yellow,  and  also  appears  independently 
along  the  margin  of  the  dorsal  fin.  In  a  specimen,  two  days  old,  hatched 
from  artificially  fertilized  eggs  the  length  is  5*5mm.  We  now  find  a 
change  in  the  arrangement  of  the  pigment,  which  is  broken  up  into  three 
distinct  bars  in  the  post-anal  region.  Moreover,  the  yellow  pigment  now 
exhibits  a  greenish  colour  by  transmitted  light." 

A  drawing  of  an  early  post-larval  stage  (derived  from  artificially 
fertilized  eggs)  ten  days  after  hatching  accompanies  the  following 
description : — "  The  eyes  are  black,  with  a  bluish  lustre ;  the  lower  jaw  is 
very  prominent,  the  pectorals  very  large,  the  otocysts  large.  The  post-anal 
region  is  very  slender,  especially  the  part  ventral  to  the  notochord ;  the 
latter  is  very  stout  The  urocyst  is  larger  than  before.  A  ventral  patch 
of  black  chromatophores  has  appeared  midway  between  each  post-anal 
pigment  bar.  The  most  anterior  bar,  that  in  the  region  of  the  pectoral 
fins,  has  lOst  its  distinction.  Pigment  is  absent  from  the  dorsal  fin  in  this 
region,  whilst  there  has  taken  place  a  considerable  development  of  pig- 
ment in  the  lower  jaw  and  anterior  ventral  region  ;  the  coloured  pigment 

*  Tran8,  Roy,  Soe,  Edinburgh,  xxziii.,  Pt.  I.,  1887. 
fSc.  Trans.  Roy.  Dublin  Society  (2),  iv.,  1893. 
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is  now  orange  by  transmitted  light,  except  in  the  median  fin,  where  it  is 
brown  "  (Holt . 

Previous  to  the  publication  of  the  paper  just  referred  to,  Petersen*  had 
described  a  post-larval  pleuronectid  measuring  32mm.  in  length.  He 
considered  it  to  be  a  Halibut  (Hippoglosaus  vulgaris),  Kylet  and  Holt  and 
Byrnet  have  recently  described  post-larval  stages  of  the  witch,  and  these 
agree  closely  with  Petersen's  form,  which  is  apparently  really  a  witch. 
It  has,  moreover,  the  spinous  armature  of  the  operculum  to  which  Holt  and 
Byrne  draw  special  attention.§  The  fin-ray  formulae  for  these  specimens 
were  as  follows : — Petersen's — Dorsal,  ca,  104 ;  Anal,  88  ;  Caudal,  82. 
Kyle's  specimens  (two  in  number) — Dorsal,  103  (105);  Anal,  83,  85; 
Caudal,  18.     Holt  and  Bryne— Dorsal,  108  ;  Anal,  95. 

llie  post-larval  witch  is  a  characteristic  form  which  cannot  be  con- 
founded with  any  other  known  species.  Its  main  characters  are  its  long  and 
narrow  post-anal  body ;  the  well-marked  triple-bar  arrangement  of  pigment 
on  the  same ;  the  prominent  head  and  snout,  and  its  extended  transforma- 
tion period.  Kyle  in  this  connection  says,  in  referring  to  the  two  examples, 
12  and  14mm.  long  respectively,  described  by  him,  that  their  "most  striking 
features,  in  addition  to  their  length  and  relative  thinness,  are  the  long  head, 
the  projecting  snout,  with  the  deep  depression  over  the  eyes,  and  the 
early  stage  of  metamorphosis."  In  Dr.  Fulton's  collection  the  largest 
post-larval  {i.e.  pelagic)  witch  measures  40mm.,  while  the  smallest  young 
witch  {i.e.  transformed)  measures  44mm.  Holt  describes  one  of  the 
latter  which  measured  42mm. 

The  only  other  pleuronectid  of  our  waters  which  approaches  the  witch 
in  having  a  lengthy  post-larval  period  is  the  Lemon  Sole  (Pleuronectes 
microcephalvs).  Post-larvss  of  this  form  have  been  found  measuring 
27mm.  (Holt),  but  the  general  shape  of  the  pelagic  stages  of  this  species 
is  very  different  from  that  of  the  witch ;  the  outline  of  the  former  is  oval, 
whereas  that  of  the  latter  is  elongated. 

The  witches  from  which  the  drawings  were  made  exhibited  black  pig- 
ment only.  The  pigment  other  than  black  has  disappeared  since  they 
were  preserved;  and  in  some  cases  the  black  pigment  has  faded  consider- 
ably. This  probably  accounts  for  the  fact  that  some  variation  on  the 
pigmentation  is  found  in  the  forms  described,  especially  as  regards  the 
marginal  fin.  The  outer  edge  of  the  marginal  fin  was,  moreover,  some- 
times frayed,  and  in  consequence  the  presence  of  pigment  there  was  not  in 
these  cases  determined. 

It  is  hoped  that  the  sketches  here  supplied  will  aid  in  the  diagnosis  of 
preserved  examples.  A  number  of  the  drawings  are  of  natural  size ;  the 
majority  are  enlarged.  It  is  sufficient  to  note  that  the  post-larval  char- 
acters are  constant ;  the  general  form,  which  is  more  readily  indicated  by 
the  sketches  than  by  a  word-picture,  is,  when  taken  along  with  the  bar 
arrangement,  sufiicient  to  indicate  the  species.  A  brief  note  will  be 
given  of  each  of  the  stages  illustrated. 

The  first  (Fig.  la)  is  an  early  post-larval  example,  measuring  in  total 
length  5 '2mm.,  in  greatest  breadth  *75mm.  It  has  the  typical  pleuronectid 
form,  viz.  a  short  abdomen  and  a  long  post-anal  region.  The  marginal 
fin  shows  no  trace  of  fin-rays  ;  the  caudal  fin  is  still  diphycercal.  The 
pigment  is  well  marked.  At  the  point  of  the  mandible  there  are  a  few 
black  pigment  spots,  and  in  the  pectoral  region  there  is  a  ventral  group 
of  spots.  On  the  hind  dorsal  area  of  the  abdomen  a  group  of  large 
chromatophores  is  visible,  and  along  the  keel  of  the  abdomen  there  is  a 

*  Report  of  the  Danish  Biologienl  Station^  ir.,  1893. 

■f  Journal  ofUie  Marine  Biological  AstociaHon^  vol  vi.,  No.  4,  Dec  1908. 

X  Report  on  the  Sea  and  Inland  Fisheries  of  Ireland,  1901,  Pt  II.,  Dublin,  1903. 

§  Dr.  Petersen  has  informed  me  that  he  is  satisfied  that  the  form  is  a  witch. 
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row  of  similar  pigment  corpuscles.  The  eyes  are  black.  The  post-anal 
region  is  marked  by  three  main  transverse  bars  of  chromatophores ;  they 
are  eqai  distant  from  one  another.  Each  bar  consists  of  a  dorsal  and  a 
ventral  moiety.  The  hindmost  is  in  the  region  of  the  future  caudal  fin, 
and  is  large.  Between  the  bars  there  are  three  pigment  groups  situated 
ventrally  on  the  edge  of  the  muscle-segments ;  they  may  be  termed  secon- 
dary groups,  in  contradistinction  to  the  main  broad  bars.  Of  the  post-anal 
pigment  groups  just  mentioned,  the  hind  main  bar  alone  extends  on  to  the 
marginal  fin.  Only  one  pigment  spot  was,  in  addition,  found  on  the 
marginal  fin ;  it  was  situated  on  the  ventral  fin.  A  ventral  view  of  this 
post-larva  is  shown  in  Fig.  lb. 

In  Fig.  2  a  specimen  similar  in  size  to  one  of  those  described  by  Kyle 
is  reproduced.  It  measures  12*5mm.  in  length,  and  in  greatest  breadth 
reaches  about  3mm.  A  greater  amount  of  pigment  is  found  in  this 
individual  than  in  the  preceding.  Along  the  ventral  edge  of  the  muscle- 
segments  in  the  post-anal  region  a  few  more  intermediate  or  secondary 
pigment  spots  are  seen,  and  some  pigment  was  made  out  on  the  ventral 
marginal  fin  in  large  and  small  spots.  Anterior  to  the  anus  the  condition 
of  the  preceding  specimen  holds.  The  caudal  pigment  is  now  diffuse ; 
the  caudal  fin-rays  are  being  laid  down  and  the  tail  region  is  becoming 
heterocercal.  The  rudiments  of  the  interspinous  bones  are  indicated  by  a 
somewhat  opaque  part  of  the  marginal  fin,  next  the  muscle-segments. 

The  interspinous  bones,  still  very  small,  are  to  be  made  out  in  the  next 
figure  (3),  a  drawing  of  a  post-larva  measuring  14mm.  in  length  and 
5mm.  in  greatest  breadth.  In  this  specimen  the  large  pigment  corpuscles 
on  the  hind  part  of  the  optic  lobes  were  prominent.  A  natural-size 
sketch  of  this  post-larva  is  given  in  Fig.  9. 

A  witch  18mm.  in  length  is  reproduced  in  Fig.  4.  The  fin-rays  are 
now  almost  completely  formed,  and  the  tail  is  nearly  homocercal 
in  character.  A  row  of  small  pigment  spots  along  the  junction  of  the 
ventral  interspinous  bones*and  the  fin-rays  is  made  out. 

In  Fig.  5  all  the  interspinous  bones  and  the  fin-rays  are  formed.  This 
example  is  of  the  same  size  as  the  specimen  recorded  by  Holt  and  Byrne. 
In  length  it  measures  25mm.,  in  greatest  breadth  it  reaches  7*5mm. 
The  fin-ray  formula  is — Dorsal,  about  110 :  Anal,  about  95 ;  Caudal,  22. 

Fig.  7a  is  an  enlarged  drawing  of  a  witch  measuring  34mm.  In  it 
the  pigment  was  not  very  prominent ;  it  had  probably  faded. 

A  post-larval  form,  measuring  38mm.,  is  shown  in  Fig.  12.  Trans- 
formation is  not  yet  completed.  A  drawing  of  the  left  side  of  the  head 
of  this  example  appears  in  Fig.  8. 

A  completely  metamorphosed  witch,  measuring  44mn).,  is  reproduced 
in  Fig.  13.     Holt  described  one  which  was  a  little  smaller,  viz.  42mm. 

The  migration  of  the  left  eye  to  the  right  side  of  the  fish  is  a  slow 
process.  In  the  fish  measuring  25mm.  it  has  moved  to  a  noticeable 
extent.  It  then  appears  a  little  above  the  ridge,  when  the  fish  is  viewed 
from  the  right  side  (Fig.  5).  In  the  large  post-larva,  38mm.  (Fig.  12), 
the  eye  is  on  the  ridge ;  in  another,  measuring  40mm.,  the  migration  was 
not  completed  (Figs.  6a  and  fib). 

Dr.  Fulton  examined  the  last-mentioned  specimen  (40mm.  long) 
shortly  after  it  was  killed  in  formaline.  He  found  that  the  only  pigment 
then  visible  was  black.  It  was  distributed  as  follows : — On  the  snout 
and  jaw  there  was  a  collection  of  little  specks ;  on  the  front  of  the  lower 
jaw  a  like  collection.  A  group  of  spots  was  present  on  the  optic  lobes, 
while  a  broad  band  of  spots  was  conspicuous  on  the  hind  part  of  the 
abdomen.  On  the  median  line  there  were,  on  the  post-anal  body,  six 
equi-distant  pigment  patches.  The  dorsal  interspinous  region  showed 
eight  fainter  patches,  while  five  or  six  similar  patches  were  seen  on  the 
ventral  interspinous  region. 
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During  the  post-larval  period  the  pigment  on  the  two  sides  of  the  body 
remains  practically  identical.  It  is  only  in  the  larger  specimens,  e.g. 
38mm.,  that  it  is  possible  to  detect  a  lighter  shade  of  pigment  on  the  left 
side  than  on  the  right. 

With  the  transformation,  however,  a  very  marked  difference  is  noted 
<Fig.  13).  The  fish  itself  becomes  more  opaque,  and  its  upper  surface 
(the  previous  right  side),  shows  a  large  quantity  of  pigment.  Posterior 
to  the  anus  there  are  on  the  upper  surface  seven  broad  patches  across 
the  median  line  of  the  body ;  on  the  dorsal  fin  there  are  five  broad  patches 
with  intermediate  smaller  patches,  and  on  the  ventral  fin  three  broad 
patches  with  smaller  intermediate  groups.  The  under  or  blind  side, 
however,  retains  the  post-larval  pigmentation ;  in  this  case  it  resembled 
that  found  in  the  post-larva  measuring  38mm.  (Fig.  2). 

Holt  and  Byrne  draw  attention  to  the  presence  of  spines  on  the 
operculum  of  the  post-larvse.  I  have  found  this  spinous  armature  in  the 
example  measuring  12*5mm.  (Fig.  2).  In  the  preceding  specimen, 
5'2mm.  (Fig.  1),  it  was  not  made  out.  It  was  found  in  all  the  succeeding 
post-larval  witches,  and  the  spines  were  equally  developed  on  both  sides 
of  the  body.  The  sketches  indicate  with  approximate  accuracy  the 
number  and  arrangement  of  them. 

In  the  metamorphosed  example,  44mm.  long  (Fig.  13),  teeth  were  found 
on  the  operculum.  Two  large  teeth  projected  from  the  posterior  part  of 
the  operculum,  and  dorsal  to  these  three  were  two  (or  three)  other  similar 
teeth.     They  were  equally  developed  on  both  sides  of  the  fish. 

No  spines  were  made  out  on  the  operculum  of  either  side  in  the  young 
witch  measuring  59mm.  in  length. 

Small  teeth  (in  the  jaws)  were  made  out  in  the  smallest  member  of 
the  series,  and  they  were  present  in  all  the  other  post-larval  stages.  They 
are  not  numerous.    Teeth  were  not  seen  in  the  smaller  bottom  form. 
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ExPIaANATION  OF  PlATE  XVI. 

.V.^. — No  attempt  has  been  made  in  the  drawings  to  insert  the  proper  number  of 

interspinous  bones  and  fin  rays. 

Fig.  la.  Post-larval,  Pletironect^  q/noglo»nuf,  5 '2mm.  long;   75mm. 
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VII.— ON  SOME  PARASITES  OF  FISHES  NEW  TO  THE  SCOT- 
TISH MARINE  FAUNA. 
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Preliminary  Note. 

Some  time  ago  Dr  Fulton,  Scientific  Superintendent  to  the  Fishery 
Board,  kindly  handed  to  me  for  examination  a  specimen  of  Trygonpastinaca^ 
Lin.,  which  had  been  captured  in  the  Dornoch  Firth  on  October  22,  1903. 
This  specimen  measured  about  14|  inches  across  the  pectoral  fins  and  about 
241  inches  from  the  nose  to  the  extremity  of  the  very  slender  tail ;  it  was 
thus  not  more  than  about  the  average  size  of  this  kind  of  fish,  yet  it 
yielded  on  examination  no  fewer  than  four  different  species  of  ectozoa. 
Two  of  these  species  belong  to  the  Copepoda  and  two  to  the  Trematoda, 
and  only  one  of  them,  viz.,  Brachidla  pastinacce,  van  Beneden,  appears 
to  have  been  previously  described.  Descriptions  and  drawings  of  these 
apparently  new  forms  are  given  here. 

Moreover,  while  examining  some  organisms  set  aside  from  former 
collections,  I  found  a  specimen  of  Lemcea  lusci^  Bassett-Smith,  obtained  off 
Aberdeen  in  January,  1902  ;  as  this  parasite  has  not  before  been  recorded 
from  Scottish  waters,  I  have  had  a  short  description,  with  drawings  of  it, 
prepared  for  this  paper. 

I  have  further  to  state  that  at  the  end  of  this  paper  will  be  found  a 
description  and  drawing  of  a  very  curious  Natural  History  group  consist- 
ing of  a  larval  fish,  somewhat  emaciated,  and  two  small  Crustaceans,  which 
appear  to  be  attacking  the  fish  ;  for  this  interesting  specimen  I  am  indebted 
to  my  friend  and  colleague,  Dr  Henry  Charles  Williamson. 

The  drawings  have  been  prepared  by  my  son,  Mr  A.  Scott,  A.L.S. 

I  propose  to  describe  the  various  organisms  mentioned  in  the  order  in 
which  they  are  referred  to  above. 

PART  I.— COPEPODA  PARASITA. 

Fam.  Dichelestid^. 
Genus  Eudactylina,  van  Beneden  (1853). 

Eudadylina  minutOj  T.  Scott     PI.  xvii.,  figs.  111. 

Description  of  the  Female. — The  length  of  the  specimen  represented  by 
the  drawing  (fig.l),  measuring  from  the  forehead  to  the  end  of  the  f ureal 
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joints,  is  about  1*1  mm.  (about  ^  of  an  inch),  but  that  represented  by  figure 
2  is  slightly  larger,  and  measures  about  1*4  mm.  The  segments,  especially 
along  their  dorsal  aspect,  are  rough  with  minute  scattered  spines.  The 
body  is  slender,  as  in  the  species  previously  described,  but  the  fourth  and 
fifth  segments  are  rather  more  dilated  than  the  others.  The  cephalosome 
is  about  equal  in  length  to  that  of  the  first  two  segments  of  the  metasome 
combined.  The  first  segment  of  the  metasome  is  a  small  one,  while  the 
next  two  are  each  rather  longer  and  stouter  than  the  one  immediately 
preceding ;  the  last  segment  of  the  metasome  is  considerably  smaller  than 
the  third  one.  The  segmentation  of  the  urosome  (abdomen)  somewhat 
resembles  that  of  Eudactylina  aimilis,  A.  Scott. 

The  antennules,  which  are  short  and  stout,  are  apparently  five-jointed, 
as  in  those  of  the  species  referred  to,  and  their  armature  is  also  similar  to 
that  of  Eudactylina  »imili8,  but,  on  the  other  hand,  there  is  a  distinct 
difference  in  the  proportional  lengths  of  the  joints, — the  third  being  longer 
than  the  second  joint  and  the  fourth  scarcely  twice  as  long  as  the  ultimate 
one  (fig.  3). 

The  antennae,  which  are  moderately  elongated,  have  a  general  resemblance 
in  their  form  and  structure  to  those  of  the  other  described  species ;  but  the 
second  joint,  which  is  about  as  long  as  the  third,  is  produced  on  the  inner 
aspect  and  near  the  distal  end  so  as  to  form  a  single  stout  and  pi'ominent 
spine,  and  a  single  powerful  hook-like  spine  with  a  thickened  base  carrying 
a  few  small  setae  is  articulated  to  the  extremity  of  the  third  joint  (fig.  4). 

The  mandibles  and  maxillss  do  not  present  any  marked  difference  from 
those  of  Eudactylina  acuta,  van  Beneden. 

The  first  maxiUipeds,  which  resemble  the  same  appendages  in  Eudacty- 
lina siniiliSj  are  armed  with  a  moderately  stout  terminal  claw,  and  the  end 
joint  is  furnished  with  a  row  of  minute  course  denticles  along  the  inner 
edge  (fig.  5). 

The  second  maxiUipeds  are  large  and  strong  and^form  powerful  chelae; 
they  are  somewhat  similar  in  structure  to  those  of  Eudactylina  similiSy  but 
the  extremity  of  the  claw  which  impinges  against  the  lower  spoon-like 
process  has  the  stout  apical  tooth  with  a  rounded  hood-like  covering 
(fig.  6). 

In  the  first  pair  of  thoracic  feet  both  branches  are  two-jointed,  and  both 
are  moderately  stout;  the  inner  branches  are  sparingly  fringed  with  minute 
setae,  and  armed  with  two  apical  spines  of  unequal  length;  the  outer 
branches,  which  are  rather  shorter  than  the  inner,  are  each  furnished  with 
a  fringe  of  minute  setae  on  the  outer  margin  of  the  first  joint,  while  the 
end  joint  bears  several  spines  round  its  outer  margin  and  apex ;  the  inner 
spine  is  of  moderate  length,  but  the  others  are  small  (fig.  7). 

The  structure  of  the  second  pair  has  a  general  resemblance  to  that  of  the 
same  pair  in  Eiuiactylina  similis  and  E,  acuta.  The  inner  branches,  which 
are  distinctly  three-jointed,  are  considerably  smaller  than  the  outer  ones, 
the  first  joint  bears  a  longitudinal  row  of  small  spines  on  its  inner  aspsct, 
while  the  end  joint  carries  two  apical  spines  of  moderate  but  unequal 
length.  The  outer  branches  are  stout  and  elongated,  and,  like  the  inner 
ones,  appear  to  consist  of  three  joints,  but  the  articulation  between  the  first 
and  second  joints  is  apparently  nearly  obsolete;  two  short  spines  which 
have  their  bases  dilated  spring  from  the  outer  margin  and  near  the  distal 
end  of  the  elongated  first  joint;  the  third  joint,  which  is  short  and  rounded 
at  the  extremity,  is  provided  with  a  single  and  moderately  stout  subter- 
minal  spine,  as  shown  in  the  drawing  (fig.  8). 

The  third  and  fourth  pairs  are  nearly  alike,  and  resemble  the  same  two 
pairs  in  Eudactylina  simUiSy  except  that  the  inner  branches  are  furnished 
with  a  number  of  scattered  spinules  on  their  outer  aspect;  the  outer 
branches  are  each  of  them  rounded  at  the  extremity,  and  provided  with 
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a  single  elongated  terminal  seta,  there  are  a  few  spines  on  the  outer 
margins  of  the  second  and  third  joints,  while  the  first  joint  bears  a  fringe 
of  minute  spines  along  its  outer  edge  (fig.  9). 

The  fifth  pair,  which  are  broadly  foliaceous  and  resemble  in  their 
general  outline  the  same  appendages  iu  Eudactylina  acuta^  van  Beneden, 
are  furnished  with  several  transverse  rows  of  minute  spines  and  three 
apical  seta)  (fig.  10). 

The  f  ureal  joints,  which  are  rather  longer  than  the  last  abdominal  seg- 
ment, are  each  of  them  armed  with  two  terminal  spines — a  stout  one  at 
the  apex  and  a  somewhat  smaller  one  on  the  outer  edge,  as  shown  in  the 
figure;  a  small  seta  springs  also  from  near  the  middle  of  the  outer 
margin  (fig.  11). 

Habitat, — On  the  gills  of  a  specimen  of  the  "  Sting  Ray,"  Trygon 
pastinaca,  Linn.,  captured  in  the  Dornoch  Firth  on  October  22,  1903. 
No  males  of  the  Eudactylina  were  observed.  The  fish,  as  already  stated, 
measured  about  14^  inches  across  the  pectoral  fins,  while  its  length  from 
the  snout  to  the  extremity  of  the  tail  is  about  24^  inches. 

Remarks. — This  Eudactylina  appears  to  di£for  from  previously  described 
species  by  its  smaller  size — being  little  more  than  half  the  length  of  the 
smallest  hitherto  recorded,  and  from  its  being  found  on  a  different  host. 
But  there  are  also  structural  differences  which  separate  it  from  other  forms. 
1  will  recapitulate  one  or  two  of  these:  it  differs  in  the  proportional 
lengths  of  the  joints  of  the  antennules,  in  the  armature  of  the  autennie,  in 
the  armature  of  the  first  maxiUipeds,  in  the  structure  of  the  second  pair  of 
thoracic  feet,  and  in  the  proportional  lengths  of  the  segments  of  the  thorax. 

Though  a  number  of  specimens  were  obtained,  only  a  small  proportion 
of  them  were  in  good  condition  for  dissection. 

Eudactylina  acuta^  Van  Beneden. 

1853.  Eudactylina  acu^ta.  Van  Beneden,  Bull.  Acad.  Roy.  Belg., 
vol.  XX.,  pt.  1,  p.  235 ;  Mem.  Acad.  Roy.  Belg.  (1861), 
p.  150,  PI.  XXV. 

In  my  notes  on  the  parasites  of  fishes  in  Part  III.  of  the  Twentieth 
Annual  Report  of  the  Fishery  Board  for  Scotland  (published  October  2nd, 
1902),  I  describe  the  occurrence  of  Eudactylina  acuta  on  the  gills  of  an 
Angel-fish,  Rhina  squatina  (Lin.),  captured  in  January  1902  about  eight 
or  nine  miles  south-east  from  Buchan  Ness,  and  the  description  of  the 
parasite  is  illustrated  by  a  series  of  drawings.  My  son  had  already 
obtained  the  same  Etulactyline  on  the  gills  of  Angel-fishes  captured  in 
the  Irish  Sea,  but  there  did  not  appear  to  have  been  any  previous  record 
of  it  from  Scotland. 

Through  the  kindness  of  Mr.  Robert  Duthie,  Fishery  Officer — presently 
stationed  at  Girvan,  Ayrshire — I  am  enabled  to  record  this  interesting 
parasite  for  the  second  time  from  Scottish  waters,  which,  like  the  speci- 
mens previously  referred  to,  was  found  on  the  gills  of  an  Angel-fish. 
This  fish,  which  was  captured  by  turbot-net  fishermen  in  the  seaward 
part  of  the  Clyde  estuary  and  landed  at  Girvan  on  May  25th  (1904),  was 
secured  by  Mr.  Duthie,  who  kindly  forwarded  it  to  me  for  examination. 
The  fish  was  an  immature  female,  and  measured  two  feet  nine  and  a-half 
inches  (nearly  83  centimetres)  from  the  front  of  the  head  to  the  extremity 
of  the  caudal  fin.  This  Eudactyline  is  an  addition  to  the  parasitic 
Copepod-fauna  of  the  Clyde. 

Lomtva  Ituci,  Bassett-Smith.     PI.  xvii.,  figs.  12  and  13. 

1896.  Lemcea  lusci,  Bassett-Smith,  Ann.  and  Mag.  Nat  Hist. 
(6),  vol.  xviii*,  p.  13,  pl.  iv.,  fig.  6. 

The  form  described  under  this  name  is  considerably  smaller  than  the 
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more  common  LemoBa  branchialisy  and  hitherto  it  appears  only  to  have 
been  observed  on  the  gills  of  the  Brassie  or  Whiting  Pout  {Gcidus  lu8cus^ 
Linn.).  The  specimen  I  have  to  record  was  obtained  on  the  gills  of  a 
Brassie  captured  about  ten  miles  off  Aberdeen  on  January  16,  1901. 
This  parasite  measures  a  little  over  half  an  inch  from  the  head  to  the  end 
of  the  genital  segment.  The  neck  is  slender  and  short,  and  the  append- 
ages of  the  cephalon  are  moderately  developed.  Dr.  Bassett-Smith 
describes  the  posterior  appendage  as  being  sometimes  as  long  as  the  neck, 
which  is  also  characteristic  of  the  specimen  now  recorded  (fig.  13).  The 
genital  segment  is  considerably  dilated  and  strongly  sigmoid,  except  at 
the  posterior  end  where,  in  marked  contrast  to  LernaM  branchudis,  it  is 
only  slightly  curved ;  the  twisted  egg  sacs  are  proportionally  not  so  slender 
as  in  that  species. 

Lemcea  lusci  does  not  appear  to  have  hitherto  been  recorded  from 
Scottish  waters,  having  been  probably  regarded  as  a  form  of  L.  branchialis. 
Figure  12  shows  the  specimen  attached  to  the  gill-arch  of  the  fish. 

Brachtella  pastinacce,  Van  Beneden. 

1851.     Braehidla  pastinacce^  Van  Beneden,  Ann.  des.  ScL  Nat., 
3rd  ser.,  t.  xvi.,  p.  118,  pi.  iv.,  figs.  8,  9. 

Two  specimens  of  this  Brachiella  were  obtained  in  the  nasal  fossae  of 
the  Trygon  in  which  the  Eudactylina  just  described  was  found.  One 
specimen  occurred  in  each  of  the  two  fossae.  These  two  specimens  which 
were  posted  to  the  artist  along  with  a  few  other  things  in  order  to  have 
drawings  of  them  prepared,  failed  to  reach  their  destination,  and  I  am  there- 
fore unable  to  furnish  figures  of  this  species. 

PART  II.— TREMATODA. 

FaH.   TRISTOMATIDiE. 

Tliaumatocotyle  ecmcinna,  gen.  et.  sp.  no  v.     PL  xvii.,  fig.  15. 

A  large  sucker-disc,  so  characteristic  of  several  of  the  Trematoda,  is 
attached  to  the  distal  end  of  the  body  by  a  Tery  short  stalk  which  is 
apparently  flexible.  The  sucker  is  nearly  circular  in  outline,  and  its  ventral 
surface  is  divided  into  thirteen  marginal  compartments  which  are  separated 
from  each  other  by  narrow  musculi^  bands ;  the  compartment  at  the  lower 
end  of  the  sucker  is  larger  than  any  of  the  other  twelve  and  is  of  the 
form  of  an  equilateral  triangle,  the  blunted  apex  of  which  is  directed 
inwards  and  reaches  fully  half  way  toward  the  centre  of  the  sucker ;  the 
other  twelve  marginal  compartments  are  of  nearly  equal  size  and  are  sub- 
quadrate  in  form,  as  shown  in  the  drawing  (fig.  15).  Two  moderately 
fdender  rods  spring  from  two  adjacent  muscular  bands  near  the  centre  of 
the  disc,  and  extending  to  the  circumference  of  the  sucker  terminate  in 
little  hook-like  processes — one  on  each  side  of  the  lower  triangular 
compartment. 

The  anterior  end,  which  terminates  somewhat  abruptly  and  has  a  broadly 
triangular  outline,  is  bifurcated  in  the  middle.  On  the  ventral  aspect, 
close  to  the  margin  on  each  side  of  the  fork  and  extending  from  it  to  the 
outer  angle,  there  are  arranged  three  small  discs  which  may  probably 
function  as  suckers. 

The  length  of  the  specimen  represented  by  the  figure  is  about  3  milli- 
metres (nearly  ^  of  an  inch),  while  the  breadth  at  the  widest  part  is 
eqnal  to  about  one  fifth  of  the  length  ;  the  body  is  flattened  and  in  some 
specimens  nearly  transparent^  so  that  the  internal  structure  may  to  some 
extent  be  discovered. 
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This  Trematode  does  not  agree  with  any  geuus  or  species  known  to  me. 
Habitat. — In  the  nasal  fosse  of  JVygonpastinacOy  captured  in  Dornoch 
Firth,  October  1903. 

Heterocotyle  paatinaccBf  gen.  et  sp.  nov.     PL  xvii.,  fig.  14. 

Several  specimens  of  the  Trematode  described  under  this  name  were 
obtained  on  the  same  Trygon  pastiiiaca  with  the  form  just  recorded,  but 
they  were  found  not  in  the  nasal  fossae  but  on  the  gills  along  with 
Eudactylina  minuta  described  in  the  first  part  of  this  paper. 

In  this  Trematode  the  posterior  sucker  is  slightly  oval  in  outline — the 
transverse  diameter  being  greater  than  that  which  is  longitudinal  in  the 
proportion  of  about  13  to  11.  The  edge  of  the  sucker  is  indistinctly 
crenate,  and  its  ventral  surface  is  divided  into  eight  compartments,  which 
extend  from  the  circumference  to  near  the  middle,  where  they  are 
interrupted  by  a  small  diamond-shaped  space  representing  the  point  of 
attachment  of  the  sucker  to  the  body.  The  two  lowest  compartments  are 
of  a  slightly  larger  size  than  the  four  upper  ones,  but  the  compartment  on 
each  side  is  about  double  the  size  of  the  one  immediately  above.  More- 
over, these  side  compartments,  together  with  the  two  lower  ones  situated 
between  them,  are  each  sub-divided  into  two  portions  by  a  circular  line, 
as  shown  in  the  drawing  (fig.  14).  About  the  middle  of  the  band  which 
divides  each  large  lateral  compartment  from  the  lower  one,  there  is 
attached  a  short  rod  that  terminates  in  a  strong  hook. 

The  body  is  of  a  narrow  ovate  form  and  is  considerably  depressed ;  the 
greatest  width  is  equal  to  nearly  three  and  a  half  times  the  length ; 
the  total  length  of  the  specimen  represented  by  the  drawing  is  only 
1*44  mm.  (about  ^  of  an  inch).  The  anterior  end  is  narrowly  truncate, 
and  is  without  any  lateral  appendages,  as  in  PhyUonella  or  Placwiella^ 
which  it  otherwise  resembles. 

Besides  the  occurrence  of  the  four  different  kinds  of  parasites  from 
the  Sting  Ray  mentioned  here.  Prof,  van  Beneden  has  obtained  on 
specimens  of  the  same  species  of  fish  taken  on  the  coasts  of  Belgium,  not 
only  the  Brachidla  pagtinaecb — which  he  found  both  in  the  nasal  fossss 
and  on  the  gills — but  also  Lemeopoda  galei  and  Ergasilitia  robusta  ;  the 
first  he  obtained  in  the  nasal  fossse  and  the  other  on  the  gills.  The  same 
writer  also  records  finding  five  dififerent  kinds  of  Cestoids  in  the 
intestines  of  Tiygon.* 

PART  III. 

NoTB  ON   A   POST-LABVAL  FlSH   ATTACKED  BY   PoDON   LEUCKABTI. 

Plate  XVII.— Fig.  16. 

It  is  fairly  well  known  to  students  of  the  Entomostraca  that  these 
oi^nisms  live  to  some  extent  on  animal  as  well  as  on  vegetable  matter, 
and  also  that  they  do  not  always  confine  themselves  to  decaying  sub- 
stances, but  that  living  specimens,  if  small  enough  and  in  a 
weak  or  sickly  condition,  are  not  exempted  from  being  attacked  by 
them.  When  examining  a  gathering  of  living  Entomostraca  in  whica 
Ostracoda  are  frequent,  we  may  occasionally  observe  a  number  of  these 
minute  Crustaceans  crowding  round  some  object  of  general  interest,  anu, 
when  the  reason  for  the  crowding  is  investigated,  find  that  they  are  busy 
feeding  on  a  dead  or  dying  companion. 

*  Les  Poiusons  des  c6tc8  de  Belgique  leurs  Parasites  et  lours  Commenceaux,  pp.  14, 
16  (1870). 
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But  although  such  incidents  are  not  of  rare  occurrence  among  the 
Entomostraca,  the  example  to  which  I  would  direct  attention,  where  a 
post-1.1  rval  fish  is  apparently  being  attacked  by  two  members  of  the 
family  Polyphemedae,  is  somewhat  unusual.  Larval  and  post-larval  fishes 
have  no  doubt  many  enemies,  among  which  may  be  included  other  fishes 
as  well,  and  it  has  also  been  shown  that  even  the  harmless-looking 
SagUtae  feed  upon  such  larvse,t  but  this  is  the  first  time  I  have  observed 
Entomostraca  presumably  attacking  a  post-larval  fish  in  the  manner 
shown  by  the  drawing. 

As  stated  in  the  preliminary  note,  I  am  indebted  to  Dr.  Williamson 
for  this  interesting  specimen.  The  fish,  he  tells  mc,  is  a  Pleuronectid — 
probably  Pleuronectes  platessa — but  its  emaciated  condition  made  its 
correct  identification  somewhat  doubtful.  That  these  Crustaceans  have 
become  accidentally  attached  to  the  specimen  is  hardly  likely,  for  the 
position  they  occupy  and  the  firm  hold  they  have  of  the  fish,  evidenced 
l)}*^  their  adhering  while  extraneous  matter  was  being  brushed  oif,  and  by 
their  continuing  to  adhere  firmly  though  subjected  to  a  good  deal  of 
tossing  about,  does  not  favour  such  an  explanation,  but  tends  rather  to 
support  the  opinion  that  they  have  intentionally  seized  hold  of  the  young 
Pleuronectid,  but  whether  for  the  purpose  of  attacking  or  merely  for 
resting  I  am  not  prepared  to  say.  The  specimen  is,  however,  sulficiently 
interesting  to  be  recorded  here.  The  fish  was  observed  in  a  tow-net 
gathering  collected  last  year  and  supposed  to  be  from  the  North  Sea. 
The  two  Crustaceans  belong  to  the  same  species,  viz.,  Podon  leuclmrtL 

*  Annals  of  Scottish  Natural  History,  April,  1892,  p.  142. 
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VIIL— ICHTHYOLOGICAL    NOTES. 

By  Dr.  T.  Wemyss  Fulton,  F.R.S.E.,  Supeiintendent  of 

Scientific  Investigations. 

[Plate  XVlII.l 
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The  Young  of  the  Conger  {Leptocephaltis), 

Two  specimens  of  the  young  of  the  conger  eel  were  caught  in  the 
Moray  Frth  by  means  of  the  small-meshed  net  around  the  otter  trawl, 
which  ha8  been  so  productive  of  rare  forms,  and  as  such  specimens 
are  very  rarely  obtained  in  British  seas,  and  they  differ  from  one 
another  in  age  and  characters,  I  have  thought  it  desirable  to  give  a 
description  and  figures  of  them  here. 

Tlie  first  specimen  (Fig.  1)  was  obtained  on  27th  December  on  Smith 
Bank,  a  well-known  fishing  ground  off  the  coast  of  Caithness,  in  28  fathoms 
of  water.  It  was  not  recognised  at  the  time  among  the  other  fishes 
caught  and  the  lot  were  preserved  in  formaldehyde  and  taken  to  the 
marine  laboratoiy  at  the  Bay  of  Nigg.  It  was  only  later,  when  the 
material  was  being  worked  up,  that  the  specimen  was  discovered.  With 
the  exception  of  a  slight  abrasion  on  the  posterior  half  it  was  in  good 
condition  ;  the  imperfection  was  probably  due  to  the  fish  having  been 
caught  by  doubling  as  it  passed  through  the  mesh  of  the  net.  On 
examination  some  weeks  after  it  was  caught  it  was  found  to  be  trans- 
lucent, with  a  whitish  opacity,  the  perfect  transparency  of  the  living 
form  having  been  affected  by  the  preservative.  It  was  quite  soft  and 
flexible,  resembling  a  tapeworm  in  these  respects,  as  well  as  in  its 
extremely  flattened  form.  In  extreme  length  it  measured  145mm., 
(5|  inches),  and  it  is  therefore  among  the  largest  of  the  specimens 
recorded.  Its  weight,  after  the  superfluous  water  had  been  removed,  was 
only  O'Gl  gi'ammes,  and  its  volume  was  1*1  cubic  centimetres  as  nearly 
as  could  be  determined.  Its  bulk  in  proportion  to  its  length,  as  will  be 
seen  below,  was  thus  very  much  under  that  of  the  other  older  but 
shorter  specimen. 

The  extreme  doi*so-venti*al  height  of  the  body  was  13*5mm.,  and  it 
was  broadest  from  about  70  to  95mm.  from  the  head ;  the  height  just 
behind  the  head  was  7mm.,  or  about  half  of  the  other.  The  thickness 
of  the  body  was  difficult  to  determine ;  it  was  much  thicker  behind  the 
head,  where  it  measured  about  2mm.,  and  from  this  point  to  the 
posterior  extremity  it  gradually  diminished,  the  greater  pa^  of  it  being 
rather  under  than  over  1mm.  in  thickness.  The  length  of  the  head 
from  the  tip  of  the  snout  to  the  gill-deft  measured  10mm.,  and  its 
height  at  the  eyes  was  5mm.,  the  breadth  being  3mm.  just  behind  the 


282  Part  III. — Twenty-second  Annual  Report 

eyes.  The  eyes  were  relatively  large,  measuring  2 '5mm.  in  diameter 
(they  are  represented  as  rather  too  large  in  the  enlarged  figure,  and  as 
a  little  too  small  in  the  other  figure) ;  the  anterior  edge  is  situated  about 
3mm.  from  the  tip  of  the  snout.  The  snout  is  blunt  and  obtuse  and 
rounded,  and  longer  than  the  lower  jaw,  which  is  more  pointed.  The 
cleft  of  the  mouth  ends  rather  behind  the  middle  of  the  eye,  and  each 
jaw  is  armed  with  a  series  of  somewhat  long,  fine,  slender  teeth,  those 
in  front  being  the  longest ;  of  these,  34  were  made  out  in  the  lower  jaw 
and  30  in  the  upper. 

The  pectoral  fins,  placed  immediately  behind  the  gill-opening,  were 
small  and  delicate,  measunng  about  3'5mm'.  in  length. 

With  regard  to  the  pigment,  there  were  two  minute  specks  of  black 
on  the  lower  part  of  the  gill-cover  on  the  left  side  and  four  similar 
specks  on  the  corresponding  position  on  the  other  side.  A  linear  series 
of  black  specks  runs  along  each  side  of  the  ventral  margin,  beginning 
about  11mm.  behind  the  pectoral  fin;  they  are  most  distinct  in  the 
anterior  portion  but  are  continuous  to  the  tail,  and  in  the  posterior 
part  they  are  much  more  minute,  numerous,  and  crowded,  giving  the 
appearance  of  a  very  fine  black  line.  Along  the  lateral  line  there  is  a 
single  linear  series  of  corresponding  chromatophores,  of  which  35  were 
counted,  and  beginning  about  35mm.  behind  the  head ;  they  are  usually 
situated  at  the  junction  of  myotomes,  and  are  most  numerous  towards 
the  tail.     No  other  pigment  specks  were  observed. 

Of  the  myotomes — which  are  very  distinct  except  at  the  tail — I 
counted  142,  but,  as  stated,  those  at  the  posterior  extremity  are 
indistinct. 

The  second  specimen  (Fig.  2)  was  of  a  diflferent  kind  in  several  respects. 
It  was  taken  in  24  fathoms,  also  in  the  Moray  Firth  but  south  of  Smith 
Bank,  on  12th  February.  In  shape  it  is  vermiform  rather  than 
teenioid,  and  appears  to  correspond  to  the  L.  puyictaUis  of  Kaup,  and 
which  has  been  shown  by  Grassi  and  Calandruccio  to  be  the  stage  from 
which  the  perfect  conger  is  directly  developed.  It  measures  123mm. 
(4g  inches)  in  extreme  length,  and  weighed,  after  the  superfluous  water 
was  removed  by  blotting  paper,  1*675  grammes,  it«  volume  being  l'8cm. 
It  will  be  seen  by  comparing  these  figures  with  those  referring  to  the 
other  specimen  that  the  reduction  in  length  is  accompanied  by  a 
considerable  increase  in  bulk,  since  the  shorter  specimen  weighed  over  1 
gramme  more  than  the  other,  its  weight  being  nearly  three  times 
greater.  The  volume,  as  stated,  did  not  increase  in  the  same  proportion  ; 
the  discrepancy  is  perhaps  due  to  the  tissues  of  the  younger  being  less 
solid,  perhaps  to  defect  in  the  determination  of  the  volume. 

The  extreme  breadth  of  this  specimen  is  lO'Smm.  and  its  thickness 
3mm.  Its  thickness  is  maintained  in  a  fairly  uniform  way  for  the  finst 
two  thirds  of  the  length  of  the  body,  after  which  it  diminishes  I'apidly. 
The  distance  from  the  tip  of  the  snout  to  the  commencement  of  the 
dorsal  fin  is  44mm.  and  from  the  same  point  to  the  anus  55mm.  The 
head  is  9mm.  in  length,  4'5mm.  high,  and  3'5mm.  broad,  and  the  top  is 
more  rounded  than  in  the  younger  specimen.  The  eye  is  somewhat 
smaller,  measuring  2mm.  in  diameter  and  placed  2 '5mm.  from  the  end 
of  the  snout.  The  lower  jaw  is  shorter  than  the  snout,  but  not  to  the 
extent  represented  in  fig.  2b.  Teeth,  so  conspicuous  a  feature  in  the 
younger  specimen,  could  not  be  made  out.  The  pectorals  were  more 
developed,  being  longer  and,  especially,  broader.  Of  the  myotomes,  not 
so  distinct  as  in  the  other  form,  141  were  counted.  Tlie  black  chro- 
matophores were  arranged  as  in  the  younger  specimen,  but  none  were 
observed  on  the  head.  Those  along  the  lateral  line  are  more  conspicuous 
than  those  placed  along  the  ventral  margin,  of  which  there  are  26  in 
front  of  the  anus,  and  they  are  much  more  numerous  behind,  being 
crowded  together,  as  in  the  first  specimen,  towai*ds  the  tail. 
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The  literature  dealing  with  these  young  foimis  need  not  be  given  here, 
as  Cunningham  has  given  a  very  full  account  of  it  in  some  of  his  papers,* 
and  he  has  described  a  specimen  of  Leptocephalus  MorrUii  which  he 
obtained  at  Plymouth  in  June,  1895.t  Besides  the  classical  papers  of 
Grassi  and  Calandruccio,  reference  may  be  made  to  two  papers,  one  by 
Eigenmann  on  *'  The  Egg  and  Development  of  the  Conger  Eel,"  and  the 
other  by  the  same  author  and  C.  H.  Kennedy,  on  the  *'  Leptocephalus 
of  the  American  Eel  and  other  American  Leptocephali,"  both  published 
in  1901. t 

A  Larval  Fierasfer. 

On  8th  October  last  year  a  larval  Fierasfer  was  taken  in  a  tow-net 
used  on  board  a  fishing  boat  at  a  distance  of  about  185  miles  E.  by  N. 
of  Aberdeen  ;  the  net  was  used  between  the  surface  and  twenty  fathoms, 
the  depth  at  the  place  being  between  fifty  and  sixty  fathoms.  (PL 
XVI II.,  ^,  3,  3a). 

The  specimen  measured  64mm.  (2^  inches)  in  length  and  exhibits  the 
slender  form  characteristic  of  the  genus ;  the  yolk,  as  indicated  in  the 
figure,  forms  a  considerable  mass.  The  remarkably  elongated  first  dorsal 
ray  was  apparently  damaged,  but  enough  of  it  is  left  to  show  the 
presence  of  the  skinny  lobes  with  which  it  is  provided. 

Fierasfer  is  remarkable  for  its  habit  in  the  adult  condition  of  living 
within  Holothurians  in  a  condition  of  commensalism,  but  it  would 
appear  that  its  larval  pelagic  life  is  one  of  considerable  duration.  It  is 
an  extremely  rai*e  fish,  and  even  Emery,  who  has  written  the  classical 
monograph  on  it,§  was  able  to  obtain  only  a  few  specimens. 

Outside  the  Mediterranean,  specimens  have  rarely  been  obtained. 
According  to  Couch,  Edwards  found  six  specimens,  between  6  and  7cm. 
long,  in  March,  1863,  on  a  sandy  bottom  ofif  the  coast  of  Banff,  but  the 
record  stands  in  need  of  confirmation  and  is  passed  over  by  Day.  The 
latter  author  mentions  only  two  examples  of  F,  denUUiLS^  both  got  on  the 
south  coast  of  Ireland,  one  in  1836  and  the  other  in  1852,  and  there 
does  not  appear  to  be  any  other  goo<l  British  record  of  its  occurrence. 

Only  other  three  specimens  appear  to  be  recoi*ded  for  the  north  of 
Europe.  One  was  taken  by  a  fisherman  in  from  100-200  fathoms  on 
the  Jutland  Reef,  to  the  west  of  the  Scaw — and  therefore  not  a  great 
distance  from  the  locality  where  the  specimen  here  recorded  was 
obtained — and  it  is  now  in  the  Royal  Museum  at  Stockholm.  The 
second  specimen  was  got  near  Stavanger  in  1881,  and  was  described  by 
Collet ;  it  is  in  the  Bergen  Museum.jl  The  third  was  a  specimen  of 
F,  acu8,  obtained  by  H.M.S.  Triton  in  the  Faroe  Channel,  on  9th  August, 
1882,  close  to  the  surface.  It  measured  104mm.  in  length,  and  has 
been  described  by  Giinther.H 

Thb  Stino-Ray  (Trygon  paatinam). 

On  the  22nd  October  a  specimen  of  the  sting-ray  was  taken  in  the 
trawl  by  one  of  the  trawlera  engaged  in  scientific  work  in  the  Dornoch 
Firth  in  from  8-13  fathoms.  It  was  a  female,  mea^uiing  in  extreme 
length  63*0cm.,  and  in  extreme  breadth  37*5cm.     It  is  noteworthy  that 

*Journ.  Marine.  Biof.  Amoc^  vol.  iii,  p.  281  ;  vol.  ii,  p.  36. 

t/Wrf.,iv.  p.  74. 

IBidl.  l\  S.  Fish  Comm,for  190 J,  pp.  37-81. 

§*' Fierasfer.  Stiidi  intomo  alia  nstomatica,  ranatomia  e  la  biologia  delle  specie  mediter- 
ranee  di  qaesto  ffenere."    Atti  R,  Accad.  d.  Liaceiy  vii.,  1879-80. 

II  Christian.  \^den4k,  ForkandL  1882,  No.  19. 

?  "Report  on  the  Pelaffio  llshes  collected  by  H.M.S.  'Chnllenger'  during  the  years 
1873-1876;"  page  27,  1899. 
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the  torpedo  described  in  the  Nineteenth  Annual  Report*  was  caught  near 
the  same  place.  On  this  specimen  Dr.  Scott  found  some  new  and 
interesting  parasites  (see  p.  275.) 

Tiiis  fish  is  said  by  Day  to  be  not  uncommon  off  the  mouth  of  the 
Thames  and  along  the  south  coast,  and  Dr.  Murie  states  that  on  the  coast 
of  Kent  and  at  Bumham  specimens  from  1  ^  to  2  feet  are  not  uncommon, 
while  in  the  estuary  of  the  Thames  it  is  not  abundant  and  only  small 
specimens  are  found. t  Holt  refers  to  two  small  specimens  trawled  off 
Plymouth,  and  several  taken  on  the  trawling  gi'ounds  off  Salcombe ;  and 
he  says  the  fish  is  well  known  to  the  local  fishermen  and  hardly  deser\'es 
special  mention  as  a  rare  fish  in  that  distiict.it 

It  is,  however,  a  very  rare  fish  in  Scottish  waters.  Parnell  met  with 
only  one  example,  which  was  caught  in  a  salmon-net  in  the  Firth  of 
Forth,§  and  Mr  Eagle  Clarke,  who  has  brought  together  all  the  descrip- 
tions of  iTire  species  of  the  Firth  of  Forth  since  the  time  of  Parnell,  met 
with  only  one  specimen  which  he  examined  in  1897,  and  which  was 
caught  off  the  Isle  of  May,  and  it  is  the  only  instance  he  knows  of  since 
ParnelFs  record. ||  It  does  not  appear,  eitlier,  that  the  indefatigable 
Edwards  of  Banff  ever  came  across  a  specimen. 

It  is  noteworthy  that  this  species,  like  the  torpedo,  usually  has  the 
skin  SDiooth  and  soft ;  though  Day  mentions  that  there  are  occasionally 
some  tubercles  along  the  middle  line  of  the  back  in  the  scapular  region. 
The  one  is  protected  by  its  electiic  organ  and  the  other  by  the 
formidable  serrated  spine  with  which  its  tail  is  provided,  and  which  is 
capable  of  causing  dangerous  wounds ;  they  thus  differ  from  the  ordinary 
rays  in  this  respect. 

The  Pilchard  {Clupea  pilchardus). 

On  the  20th  June  last  yeai*  a  pilchard  was  taken  in  a  drift-net 
employed  in  catching  herrings,  about  15  miles  off  Buckie,  in  the  Moray 
Firth,  where  it  was  landed.  I  am  indebted  to  Mr.  Alexander  Suther- 
land, the  Fishery  Officer  of  the  district,  for  the  record.  It  measured 
8|  inches  in  length. 

In  Scottish  waters  the  pilchard  is  a  very  rare  fish.  Parnell,  writing 
in  1837,  says  that  it  was  then  very  i*are,  although  some  thii'ty  years 
before  it  was  common,  and  in  certain  localities  found  in  equal  abundance 
with  the  herring ;  as  no  authority  is  quoted  the  statement  may  be  based 
on  Parnell's  own  observations.  He  says  that  a  few  were  occasionally 
taken  in  the  summer  months  on  the  Berwick  and  Dunbar  coasts,  but 
that  since  1816  no  pilchard  had  been  observed  in  the  Firth  of  Forth. 
Day  also  states  that  pilchards  were  more  than  usually  abundant  at 
Yarmouth  in  1780,  1790,  and  1799,  but  he  does  not  mention  his 
authority. 

They  are,  however,  occasionally  taken  at  long  intervals.  Thus  Eagle 
Clarke  states  that  Mr.  Logan  records  in  the  "  Proceedings  of  the  Royal 
Physical  Society  of  Edinburgh"  (vol.  ii.,  p.  289)  that  in  March,  1861, 
considerable  numbers  of  young  pilchards  were  brought  to  the  Edinburgh 
market  along  with  heriings  and  sprats ;  they  were  only  caught  in  large 
quantities  for  a  few  days  in  March,  but  they  had  occurred  sparingly 
with  herring  during  the  previous  winter  months.    Dr.  Muriel  says  that 

♦  Part  III.,  p.  290. 

t  "  Report  on  the  Sea  Fisheries  and  Fishing  Indostries  of  the  Thames  Esluarj,"  p.  169, 
Kent  ivna  Essex  Sea  Fisheries  Committee,  London,  1903. 
X  Joum,  Marine  Biol.  Assoc,  v.,  p.  198,  1898. 
§  '*  Fishes  of  the  Firth  of  Forth,"  p.  440,  1838. 
II  Annals  of  iScottUh  Natural  History,  Oct.  1900,  p.  215. 
%0p.  ctV.,  p.  104. 
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a  considerable  number  were  taken  off  Harwich  in  September,  1868  ; 
and  a  few  stragglers  are  still  brought  in  with  the  herrings  at  Yarmouth, 
according  to  Patterson  in  the  Zoologist  for  1897. 

The  Fecundity  of  the  Sprat. 

Observations  on  the  fecundity  of  the  sprat  have  been  apparently 
rarely  made,  no  doubt  from  the  rarity  of  ripe  sprats  among  those  caught 
by  fishermen,  the  only  statement  on  the  point,  as  far  as  I  am  aware, 
being  in  my  paper  on  the  Fecundity  of  Fishes  in  the  Ninth  Annual 
Report  of  the  Fishery  Board.*  In  their  work  on  British  Marine  Food 
Fishes,  Professor  M*Into8h  and  Mr.  Masterman  say  that  "  the  mature 
female  appears  to  carry  about  5000  or  5400  eggs,  more  or  less,"  -which 
agrees  generally  with  what  is  stated  in  the  paper  refeiTed  to,  but  it  is 
not  mentioned  whether  their  remark  is  based  on  my  observations  or  on 
others  of  their  own  confirming  it. 

Ripe  sprats  having  been  caught  in  the  Moray  Firth  in  the 
small-meshed  net  used  on  board  trawlei*s  the  opportunity  was 
taken  to  investigate  the  point  again,  the  previous  observation  having 
been  founded  on  only  one  si)ecimen,  and  that  not  very  well  preserved. 
As  mentioned  elsewhere,  it  is  a  striking  feature  in  the  ripe  sprat  that 
it  is  impossible  to  tell  from  the  external  appearance  that  it  is  ripe. 
There  is  no  swelling  caused  by  the  ovaries  or  testes  as  in  most  other 
fishes,  and  on  opening  the  fish  the  ovaries  were  found  to  be  very  small, 
although  the  eggs  were  mature  and  nearly  mature.  The  contrast  with 
the  ripe  herring,  for  example,  is  marked,  and  yet  the  eggs  in  the  latter 
are  demersal,  while  most  fishes  with  pelagic  eggs  have  greatly  enlarged 
ovaries  and  exhibit  abdominal  tumefaction  at  the  spawning  time.  It 
appears,  however,  that  all  this  is  in  confoimity  with  the  number  of 
eggs  spawned  by  the  sprat.  The  fish  which  I  examined  in  1890, 
referred  to  above,  measured  4 J  inches  in  length,  and  was  found  to  con- 
tain about  1404  large  eggs,  and  about  4000  smaller  ones ;  the  ovai*ies 
weighing  6*5  grains. 

The  following  are  the  particulars  of  five  females  examined. 


Length. 

Weight. 

1 

Mm. 
122 

Grammes. 
12-8 

2 

120 

12-0 

8 

124 

12-8 

4 

122 

10-5 

5 

120 

11-8 

Weight  of 
Ovaries. 

Piece 
Examined. 

No.  of 
Eggs. 

ToUl  Eggs. 

Grammes. 
0-38 

Grammes. 
•032 

228 

2713 

0-492 

•041 

274 

3488 

0-441 

•037 

158 

1880 

0-468 

•058 

297 

2346 

0-541 

— 

147 

2484 

The  eggs  enumerated  were  those  which  were  large  and  yolked,  but 
there  were  many  smaller,  and  in  point  of  fact  it  would  be  difficult  to 
draw  a  line  anywhere  between  the  large  and  the  small,  and  to  say  that 
so  many  belong  to  this  spawning  season  and  so  many  to  the  next.  The 
average  number  of  eggs  in  these  specimens  was  2582,  the  small  unyolked 
being  excluded,  which  is  rather  greater  than  the  number  given  for  them 
in  the  early  paper  referred  to.  On  the  whole,  however,  on  the 
assumption  that  the  small  eggs  develop  and  become  mature  during  the 
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course  of  the  spawning  season,  the  nunibtfi*  stated  in  the  paper  may  be 
about  right,  viz.,  5000.  The  dumtion  of  the  spawning  season  is  not 
well  known.  Tlie  fl'xiting  eggs  wei-e  procured  by  the  Garland  from 
23iil  Mai-ch  to  19th  August,*  and  it  so  liappened  that  the  exti-eme 
dates  were  in  the  same  year,  so  that  the  |)cnod  mentioned,  comprising 
149  days  or  very  nearly  five  months,  may  l>e  taken  to  represent  the 
extent  of  the  si)awning  season.  How  long  the  individual  sprat  goes  on 
spawning  is  not  known,  Vnit  considering  that  the  period  embraces  the 
warmest  part  of  the  year,  and  that  growth  is  greater  then,  it  is 
probable  that  at  least  the  5000  eggi^  are  shed.  But  even  in  that  case,  it 
is  evident  tliat  the  sprat  is  one  of  the  least  fecund  of  fislies  and, 
so  far  as  known,  the  least  of  all  among  the  fishes  whose 
eggs  are  pelagic.  Amid  the  varied  complexities  in  the  life  of  marine 
fishes  the  explanation  is  not  easy  to  discover.  That  the  comparatively 
early  age  at  which  the  sprat  may  reach  maturity  is  not  the  sole 
explanation — though  doubtless  an  imi)ortaut  factor — is  shown  by  the 
fact  that  the  whiting,  which  roaches  maturity  in  its  second  year, 
produces  a  veiy  much  lai'ger  number  of  eggs. 

An  Albino  Plaice. 

Last  year  a  few  jwst-larval  plaice  were  discovered  in  the  hatching 
appaiutus,  and  among  them  was  a  small  albino  specimen,  or  one  in 
which  the  pigment  was  almost  entirely  absent.  The  only  pigment 
present  was  a  few  scattered  chromatoj)hores  along  the  rays  of  the 
dorsal,  ventral,  and  caudal  fins,  on  the  anterior  pai-t  of  the  head  between 
the  eyes,  the  edge  of  the  lower  jaw,  ami  between  the  jaw  and  the 
pectorals,  and  about  a  couple  of  dozen  of  minute  specks  scattered  over 
the  posteiior  half  of  the  ]>o(ly,  mostly  near  the  tail.  The  eyes  were 
fully  pigmented.  Tlie  pigment  was  a  dark  umber.  The  body  of  the 
little  fish  was  transparent,  the  bottom  of  the  hatching-box  being  visible 
through  it.  It  lived  for  about  a  year,  and  it  «liftered  in  habit  fi-om  the 
other  small  plaice  living  with  it  in  that,  while  they  were  nearly  always 
on  the  bottom,  it  preferred  the  side  of  the  box,  to  which  it  clung,  close 
to  the  surface  of  the  water.  The  peritonetil  lining  of  the  abdominal 
cavity  shone  through  the  tissues  with  a  metallic  bronze  appearance. 

The  Thickback  {Solea  variegata). 

Two  specimens  of  this  species  of  sole  were  taken  in  the  small-meshed 
net  in  the  Moray  Fii-th — the  fii-st  on  27th  December  in  28  fathoms  at 
Smith  B;ink,  and  the  other  on  the  following  day  in  30  fathoms  off 
Burghead.  They  were  both  females — the  first  measuring  14-8cm.  with 
the  roe  well  developed,  and  the  second  16'3cm.  The  latter  weighed 
38  grammes,  the  ovaries  weighing  1*1  grammes,  and  the  eggs  were  well 
advanced,  the  larger  measuring  '84nim.  in  diameter.  It  is  evident, 
therefore,  that  this  fisli  spawns  in  the  Moniy  Firth,  but  it  is  i-are. 

It  is  common  on  the  south  coast  of  England,  especially  (accoi-ding  to 
Cunningham)t  south  of  the  Eddystone,  in  from  30  to  40  fathoms.  Two 
specimens  were  taken  by  Ilolt  during  the  IrLsh  Survey.  It  has  also 
been  occasionally  captured  on  the  west  coast  of  Scotland,  Gunther 
describing  two  immature  specimens  caught  oil*  Cantyre  in  65  fathoms 
in  March  1888, J  and  a  few  small  specimens  have  been  taken  by  the 
Garhtnd  in  the  Firth  of  Clyde.  Day  says  that  it  was  met  with  occasion- 
ally off  Banff  by  Edwards,  but  I  have  not  ti-aced  the  record. 

*  Mnfiterman — "  A  Reyiew  of  tho  Work  of  the  *  Garland  '  in  connex^tion  with  the 
Pelagic  tkrgM  of  the  Food  Fishes,"  Ihid,,  Part  111.,  Fifteenth  Report,  p.  234. 
t  <<  Alarketable  Marine  Fishes  '*  p.  259. 
X  Proc.  Roy,  Soc^  Edin,  xv.,  p.  220. 
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The  Growth  of  the  Halibut. 

A  specimen  of  the  halibut,  which  was  obtained  for  me  by  Mr.  Ingram, 
the  Fishery  Officer  at  Aberdeen,  may  possibly  throw  gome  light  on  the 
growth  of  this  fish.  It  was  caught  at  Iceland  by  hook  in  the  spring, 
and  landed  at  Aberdeen.  It  measured  64'Ocm.  (25  inches)  in  length, 
and  weighed  2 '350  kilogrammes.  On  the  under  surface,  extending  the 
whole  length  and  breadth  of  the  fish,  were  certain  markings,  part  of 
which  was  plain  and  part  obscure.  The  following  was  very  clear : — 
"T.  M.  1901,"  and  it  was  succeeded  by  what  appeared  to  read"AGLI," 
but  may  have  been  meant  to  represent  "AIJGT,''  or  August.  The 
marks  were  obviously  made  with  a  knife,  and  the  curves  were  angular ; 
the  cicatrix  was  very  narrow  and  linear  and  attached  to  the  subcutane- 
ous tissue,  and  I  suppose  it  occupied  the  same  relative  position  in  the 
sui*face  of  the  fish  at  first,  the  skin  growing  equally  all  over. 

I  am  informed  by  Mr.  Ingram  that  the  mate  of  the  vessel  which 
brought  in  the  fish  (the  Caspania)  states  that  in  his  time  it  was  a 
common  custom  for  the  fishing  apprentices  at  Grimsby  to  '*  engrave  " 
their  names  in  this  way  on  small  halibut,  and  then  throw  them  over- 
board. If  the  date  is  authentic,  it  would  show  that  the  growth  of  the 
halibut  in  proportion  to  the  size  it  attains  is  not  rapid,  because  it  implies 
that  about  two  years  and  eight  months  elapsed  after  the  marking  was 
made,  and  the  fish  must  at  the  time  have  been  of  a  certain  size.  But 
a  plaice  of  about  the  length  given  would  be  probably  more  than  six  or 
seven  years  old  at  least. 

Reversed  Action  op  the  Gill-cover  in  Plaice. 

It  may  be  worth  recording  that  the  plaice  in  the  large  pond  at  the 
Bay  of  Nigg  Laboratory  frequently  exhibit  a  reversal  of  the  usual  action 
of  the  gill-cover  under  certain  conditions.  In  the  process  of  respiration 
fishes  take  in  water  by  the  mouth,  and  by  a  process  like  th3Lt  of 
swallowing  expel  it  by  the  gill-openings.  But  when  the  tame  plaice  in 
the  pond  cling  to  the  side  at  feeding-time,  they  very  commonly  push 
their  snout  and  head  for  some  distance  out  of  the  water,  and  it  may 
then  be  obsei-ved  that  the  w^ater  is  spouted  upwai'ds  from  their  mouth 
as  a  little  fountain,  an  inch  or  so  in  height.  In  this  case  it  is  evident 
that  the  water  is  drawn  in  through  the  gill-openings  behind,  passes 
over  the  gills,  and  is  then  expelled  by  the  mouth.  The  observation  has 
some  interest  in  connection  with  the  known  habits  of  some  other  fishes. 


EXPLANATION  OF  PLATE. 

Fig.  1.  Leptoeephalus  Moj*ri$n,  natural  size. 

(la.)  Head  enlarge<l,  side  view. 

(16.)      ,,  ,,  domal  view. 

Fig.  2.  Leptoeephalus  punctatus,  natural  size. 

(2a.)  Head  enlarged,  side  view. 

{2b.)      „  ,,  dorsal  view. 

Fig.  3.  Fierasftr  dtntcUus^  larva,  natural  eize. 

(3a. )  Anterior  part  enlarged. 
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TWENTY-THIRD  ANNUAL  REPORT. 


TO  THE  MOST  HONOUKABLE 

THE  MARQUESS  OF  LINLITH(;OW,  K.T.,  G.C.M.G., 

Ilia  Majesty' 8  Secretary  for  Scotland. 


Office  of  Thb  Fishery  Board 
FOR  Scotland, 
Edinburgh,  30^^  June  1905. 

My  Lord  Marquess, 

In  continuation  of  our  Twenty-third  Annual  Beport, 
we  have  the  honour  to  submit — 

PART  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This  part  of  the  Twenty-thii-d  Annual  Report  deals  with  the 
scientific  investigations  conducted  by  the  Board  in  1904  in  con- 
nection with  the  sea  fisheries  of  Scotland,  so  far  as  these  have  been 
completed,  by  means  of  the  Parliamentary  Vote  granted  for  the 
purpose. 

The  scientific  work  has  been  carried  out  and  the  scientific  report 
prepared  under  the  supervision  of  Dr.  T.  Wemyss  Fulton,  the 
Scientific  Superintendent. 

The  researches  have  been  made  for  the  most  part  at  the  Board's 
Marine  Laboratory  at  the  Bay  of  Nigg,  Aberdeen,  which  was 
erected  and  equipped  some  yeai-s  ago.  The  sea-fish  hatchery  is 
also  situated  at  the  same  place,  and  a  statement  as  to  its  opera- 
tions during  the  year  will  be  found  below.  The  provision  of  a 
suitable  boat  in  connection  with  the  Laboratory  would  be  of  much 
advanti^  in  carrying  on  the  investigationa 

The  investigations  into  the  condition  of  the  fishing  grounds,  more 
particularly  in  the  Moray  Firth  and  Aberdeen  Bay,  which  were 
begun  five  years  ago  by  means  of  steam-trawlers,  were  continued 
last  year  as  frequently  as  circumstances  allowed.  One  of  the 
chief  objects  of  these  trawling  investigations  is  to  ascertain  as  tax 
as  possible  the  changes  which  may  oxur  in  the  abundance  of  the 
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food  and  other  fishes  on  the  grounds  visited  in  different  years  and 
at  different  seasons,  but  observations  are  also  made  on  the  repro- 
duction of  the  fishes,  their  spawning,  food,  and  on  various  other 
questions  connected  with  their  life-history  and  habits,  and  at  the 
same  time  collections  of  the  plankton,  or  floating  organisms,  are 
obtained,  and  experiments  made  witli  large-meshed  and  small- 
meshed  nets. 

Although  the  employment  of  commercial  vessels  in  these 
investigations  is  associated  with  certain  inseparable  disadvantages, 
it  is  possible  with  the  large  ship,  the  efficient  trawl,  and  the 
experienced  trawlers  on  board,  to  make  a  much  more  thorough 
examination  of  the  bays  than  was  formerly  the  case.  From  the 
fact,  moreover,  that  the  trawling  operations  are  carried  on  under 
the  same  conditions  as  in  commercial  fishing,  opportunities  are 
afforded  for  certain  observations  of  importance,  as  the  proportion 
of  the  marketable  and  unmarketable  fishes  which  are  caught,  the 
relation  between  the  sizes  of  the  fishes  captured  and  the  dimensions 
of  the  meshes  of  the  net,  and  the  amount  of  destruction  of 
immature  fish  that  occurs  on  different  grounds  and  at  different 
seasons. 

For  some  years  past,  as  mentioned  in  previous  reports,  by  an 
arrangement  with  the  Technical  Education  Committee  of  the 
County  Council  of  Aberdeenshire,  representative  fishermen  from 
various  parts  of  the  coast  of  that  county  have  visited  the  Labora- 
tory and  Hatchery  in  spring  to  receive  demonstrations  on  various 
aspects  of  the  life-history  and  habits  of  fishes,  such  as  may  be  of 
interest  and  use  to  them  in  the  course  of  their  calling.  The 
fishermen  have  been  much  interested  in  the  instruction  they 
received,  and  as  it  appeared  to  the  Board  advantageous  to 
encourage  the  desire  for  such  knowledge  on  their  part  they  issued 
a  circular  to  the  other  sea-board  County  Councils  inviting  them 
also  to  send  fishermen  if  they  thought  proper  so  to  do,  to  attend  a 
similar  series  of  demonstrations.  This  invitation  was  accepted  by 
the  County  Coimcil  of  Argyleshire,  a  number  of  fishermen  from 
that  shire  subsequently  visiting  the  Laboratory  and  Hatchery,  and 
it  is  under  consideration  by  some  of  the  others. 

Trawling  Investigations. 

In  the  course  of  the  year  the  results  of  91  hauls  of  the  large 
otter-trawl  in  the  closed  waters  were  recorded,  of  which  75  were 
taken  in  the  Moray  Firth,  14  in  Aberdeen  Bay,  and  two  in  Sand- 
side  Bay,  on  the  north  coast.  The  examination  of  the  grounds  was 
made  in  January,  March,  April,  September,  October,  November, 
and  December,  the  localities  in  the  Moray  Firth  which  were  most 
thoroughly  investigated  being  Burghead  Bay  and  adjacent  parts  of 
the  south  coast,  the  Dornoch  Firth,  and  the  grounds  off  the  coast 
of  Caithness.  Some  hauls  were  also  taken  at  Smith  Bank  and  in 
the  deeper  portions  of  the  Firth  at  the  so-called  "witch-grounds." 

The  aggregate  number  of  fishes  of  all  kinds  caught  in  the 
recorded  hauls  was  63,525,  and  of  these  44,538,  or  70  per  cent, 
were  marketable,  the  other  18,987,  or  30  per  cent,  being  thrown 
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overboard  as  unmarketable,  either  because  they  belonged  to  species 
that  are  unsaleable,  or,  more  commonly,  because  though  edible  they 
were  too  small  to  be  taken  to  market. 

The  number  of  fishes  captured  in  the  various  hauls  and  the  pro- 
portion of  the  marketable  and  unmarketable  are  given  in  the  tables 
appended  to  Dr.  Fulton's  report  on  the  subject.  The  gi-eater 
number  of  the  marketable  fishes  consisted  of  plaice  and  haddocks, 
the  former  constituting  58  per  cent,  and  the  latter  25  per  cent,  of 
the  total  in  this  class ;  the  proportion  of  none  of  the  others  reached 
three  per  cent.  Among  the  unmarketable  fishes,  common  dabs 
formed  32  per  cent,  and  haddocks  30  per  cent.  The  total  number 
of  turbot  obtained  was  54,  and  there  were  394  brill,  nine  halibut, 
and  five  soles,  and  all  these  were  marketable.  40  catfish  and  22 
hake  were  caught,  all  of  which  were  marketable. 

The  investigations  in  the  Dornoch  Firth  at  the  end  of  March 
were  of  interest  from  the  discovery  of  a  shoal  of  spawning  cod  on 
the  edge  of  the  rough  and  rocky  ground.  Several  scores  of  cod 
were  taken  in  each  haul  of  the  net,  the  largest  number  in  a  four 
hours'  drag  being  282.  They  were  all  spawning,  eggs  and  milt 
flowing  freely  from  them,  and  they  were  all  of  large  size,  the 
smallest  females  measuring  from  33  to  35  inches  and  the  smallest 
males  from  29  to  30  inches.  It  was  judged  that  the  vessel  was 
operating  only  on  the  fringe  of  the  spawning  shoal  and  that  the 
greater  bulk  of  the  cod  were  on  the  rocky  ground.  Besides  the 
cod,  large  numbers  of  spawning  flounders  were  caught  on  this 
ground,  where  few  of  this  species  are  obtained  except  in  spring,  and 
also  spawning  coalfish  and  plaice,  in  smaller  numbers,  and  common 
dabs ;  very  few  haddocks  were  obtained  and  none  of  them  were 
spawning. 

It  is  probable  that  this  area,  lying  about  three  miles  from  the 
shore  in  from  13  to  16  fathoms,  is  one  of  the  important  breeding- 
grounds  for  the  food  fishes  in  the  Moray  Firth. 

The  experiments  made  with  a  small-meshed  net  fastened  around 
and  outside  the  cod-end  of  the  trawl  confirmed  the  conclusions 
come  to  previously,  that,  contrary  to  the  general  opinion  of  fisher- 
men, a  very  large  proportion  of  the  small  fish,  especially  round  fish, 
which  enter  the  trawl  as  it  is  dragged  along  the  bottom  escape 
alive  through  the  meshes,  which  appear  to  be  distended  by  the 
resistance  of  the  water. 


The  Hatching  and  Rearing  op  Food-Fishes. 

During  last  year  the  hatching  of  plaice  was  continued  at  the 
Marine  Hatchery,  Aberdeen,  the  number  of  eggs  of  that  species 
collected  from  the  spawning  pond  amounting  in  the  season  to  an 
aggregate  of  about  39,600,000.  The  numl^r  of  plaice-fry  that 
hatched  out  and  were  retained  in  the  hatching  apparatus  until 
approaching  the  post-larval  stage  was  approximately  34,780,000, 
or  88  per  cent.,  and  they  were  liberated  off  Aberdeen  Bay  at  various 
times  in  March,  April,  and  May.  The  number  was  considerably 
below  the  total  in  1903,  when  it  was  estimated  that  65,940,000 
eggs  were  collected,  the  fry  obtained  numbering  53,600,000.    The 
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principal  reason  of  the  decrease  was  the  difhculty  in  obtaining 
large  adult  plaice  in  the  preceding  autumn  and  winter  to  replenish 
the  breeding  stock  in  the  pond,  plaice  of  the  class  required  being 
then  exceedingly  and  unusually  scarce  on  the  grounds  from  which 
they  are  obtained. 

The  floating  eggs  were  ol)served  in  the  water  of  the  spawning- 
•  pond  about  the  middle  of  January,  but  they  were  then  present  in 
very  small  numbers,  and  the  first  collection  was  made  on  the  26th 
of  that  month,  or  three  days  later  than  in  1903.  Tlie  last  collec- 
tion was  on  the  29th  April,  or  more  than  a  fortnight  earlier  than 
in  the  previous  year.  This  is,  no  doubt,  partly  to  be  attributed  to 
the  smaller  number  of  the  spawners  in  the  pond,  as  above 
mentioned,  but  it  appears  to  have  been  also  owing  to  the  relatively 
greater  intensity  of  spawning  in  the  earlier  part  of  the  season  in 
1904,  nearly  28  per  cent,  of  the  eggs  l>eing  collected  l^efore  the 
end  of  February,  as  compared  with  18  per  cent,  in  the  same  period 
in  1903.  As  usual,  the  greater  number  of  the  eggs  were  obtained 
in  March,  viz ,  55-7  per  cent.,  the  percentage  in  that  month  in  the 
preceding  year  being  56*2. 

The  duration  of  the  period  of  development  until  hatching  takes 
place  varies  with  the  temperature  of  the  water  at  the  time.  At 
the  beginning  of  the  season,  in  January,  when  the  temperatare  is 
low,  the  average  time  of  incubation  is  about  three  weeks,  while  at 
the  end  of  the  season,  when  the  temperature  is  several  degrees 
higher,  they  hatch  in  about  a  fortnight.  The  larval  fishes,  after 
issuing  from  the  eggs,  are  retained  in  the  apparatus  for  several 
days  until  the  yolk-sac  is  partly  absorbed,  and  it  is  calculated  that, 
taking  the  two  periods  together — the  time  of  incubation  and  the 
period  referred  to  subsequent  to  hatching — the  eggs  and  larvte  are 
protected  in  the  apparatus  for  about  half  of  the  time  from  the 
spawning  of  the  egg  until  the  young  plaice  is  transformed  and 
assumes  the  form  and  habit  of  the  adult. 

Since  the  establishment  of  the  hatchery,  the  total  number  of 
plaice  eggs  dealt  with  amounts  to  443,092,000,  the  fry  liberated 
numbering  363,250,000.  The  number  of  fry  of  other  fishes 
produced  is  as  follows: — lemon  soles,  5,727,000;  turbot,  5,160,000; 
cod,  4,010,000 ;  and  other  kinds,  2,000,000. 

Owing  to  the  circumstance  that  the  hatchery  is  worked  in 
conjunction  with  the  Marine  Laboratory,  the  expense  of  the 
hatching  operations  at  the  Bay  of  Nigg  is  not  large  compared  with 
the  number  of  fry  produced,  the  annual  expenditure  in  connection 
with  it  being  estimated  at  about  £100.  As  previously  stated,  the 
establishment  was  visited  during  the  hatching  season  by  represen- 
tative fishermen  from  the  shires  of  Aberdeen  and  Argyle,  to  whom 
the  various  processes  adopted,  as  well  as  the  fertilisation  of  the 
eggs  and  the  development  of  the  fish,  were  explained. 

The  Growth  and  Age  of  Fishes. 

During  the  last  few  years  a  considerable  amount  of  attention 
has  been  given  to  the  study  of  the  age  of  fishes  and  the  rate  at 
which  they  grow,  and  a  number  of  papers  dealing  with  the  growth 
and  age  of  the  plaice,  cod,  haddock,  whiting,  and  other  forms  have 
Appeared  in  the  recent  reports  of  the  Board.     It  is  a  subject  that 
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has  an  important  bearing  on  several  problems  connected  with  sea 
fisheries. 

One  method  by  which  the  growth  and  age  of  fishes  is  determined 
is  by  the  tabulation  of  the  measurements  of  large  numbers  taken 
at  the  same  time  and  place.  From  the  fact  that  the  spawning 
season  of  a  species,  and,  therefore,  the  rate  at  which  a  new  genera- 
tion makes  its  appearance,  is  usually  limited  to  a  few  months  of  the 
year,  the  range  of  the  sizes  and  the  average  size  of  the  different 
generations  or  annual  series  differ  from  one  another.  By  the 
tabulation  of  large  numbers  of  measurements  it  is  thus  possible  to 
distinguish  different  generations  and  to  assign  the  range  of  size 
and  the  age  of  the  fishes  belonging  to  them.  With  the  earlier 
generations  this  method  is  in  most  cases  quite  satisfactory,  but 
owing  .  to  the  very  different  rate  at  which  members  of  the  same 
generation  grow,  the  larger  of  an  earlier  generation  overtaking  and 
exceeding  in  size  the  smaller  members  of  the  next  older  generation 
— a  process  which  increases  with  age — it  becomes  difficult  or  im- 
possible to  separate  the  older  generations  from  one  another  by  this 
method. 

Another  method  that  has  of  late  been  largely  adopted  consists  in 
determining  the  number  of  the  zones  or  lines  of  growth  in  certain 
of  the  hard  parts  of  the  body.  Fishes  do  not  grow  continuously 
throughout  the  year,  their  growth  exhibiting  a  usually  well- 
marked  periodicity  in  relation  to  the  changes  of  the  temperature  of 
the  water,  being  as  a  rule,  and  in  most  places,  rapid  in  summer  and 
slow  in  winter.  This  periodicity  is  indicated  by  lines  or  zones  on 
some  of  the  skeletal  structures, '  notably  on  the  ear- bones,  or 
otoliths,  the  scales,  and  certain  bones  of  the  skeleton,  the  structure 
which  shows  them  best  varying  somewhat  in  different  species.  By 
counting  the  lines  or  zones  it  is  thus  possible  to  tell  the  age  of  a 
fish,  just  as  by  a  similar  method,  and  for  a  like  reason,  the  age  of  a 
tree  may  be  discovered  by  the  nimiber  of  rings  present  in  a  section 
of  the  trunk. 

To  the  present  report  Mr.  J.  T.  Cunningham  contributes  a  paper 
on  this  subject,  dealing  specially  with  the  plaice  and  the  cod.  He 
describes  the  structure  and  formation  of  the  ear-bones  and  scales, 
and  the  mode  in  which  the  lines  or  zones  are  produced.  One  of  the 
chief  objects  of  the  observations  was  to  test  the  question  how  far 
the  lines  of  growth  in  the  skeletal  structures  of  fishes  were  trust- 
worthy indications  of  age — whether  the  annual  increments  of 
growth  or  deposit  could  be  definitely  distinguished  and  counted  in 
all  cases.  He  shows  that  it  is  often  necessary  to  test  the  indica- 
tions of  one  structure  by  an  examination  of  the  others,  though  in 
many  instances  the  age  of  the  fish  may  be  well  determined  by  the 
examination  of  one  of  them  alone. 

The  result  in  regard  to  the  two  species  mentioned  is  to  show 
generally  that  they  do  not  grow  so  fast  or  reach  maturity  so  soon 
as  is  commonly  supposed.  It  was  found  that  cod  at  two  years  of 
age  measure  from  ten  to  thirteen  or  fourteen  inches  in  length,  at 
three  years  from  seventeen  to  nineteen,  and  at  four  years  about 
twenty-seven  inches,  so  that  they  would  spawn  as  a  rule  in  their 
fifth  year.  Plaice  from  two-and-a-half  to  about  four  inches  were 
one  year  old,  from  about  four  to  six-and-a-half  inches  the^  were 
two  years  old,  while  those  at  three  years  measured  up  to  12  mchea. 
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At  13  and  14  inches  they  were  mostly  four  years  of  age, 
while  some  in  which  the  lines  of  growth  indicated  five  years 
measured  11^,  14|,  and  18f  inches,  and  one  measuring  20  inches 
was  shown  to  be  four  years  old. 

The  paper  is  illustrated  by  three  plates  showing  the  otoliths, 
scales,  and  bones. 

The  Lifb-History  of  the  Lobster. 

In  the  present  report  will  be  found  a  paper,  illustrated  by  four 
plates,  in  which  Dr.  H.  C.  Williamson  gives  the  results  of  his 
observations  on  the  life-history  of  the  lobster.  An  account  is 
furnished  of  the  experiments  on  lobster-culture  which  were  made 
at  the  hatchery,  the  "  berried  "  or  egg-bearing  females  being  kept 
in  a  suitable  tank,  the  larvae  as  they  hatched  being  carried  away  in 
the  overflow  do  receptacles  where  they  were  retained.  Hatching 
was  found  to  take  place  during  the  night,  and  the  first  young 
lobsters  were  observed  on  11th  July. 

The  larval  and  early  young  stages  which  were  reared  at  the 
Laboratory  are  described  and  figured  in  detail.  Certain  dimorphic 
forms  of  the  zo^a  were  discovered  among  the  larvse,  and  they 
attracted  attention,  since,  so  far  as  known,  such  forms  have 
not  hitherto  been  recorded  and  described.  Attention  was  directed 
to  the  behaviour  of  the  lobsters  during  the  time  they  were  kept  in 
confinement  at  the  Laboratory,  that  is  to  say,  three  years  in  certain 
cases.  Among  them  only  one  was  known  to  have  spawned  its 
©ggs-  Casting  occurred  frequently,  more  frequently  apparently 
than  normally  occurs  with  lobsters  in  the  sea,  and  the  increase  in 
size  immediately  after  moulting  was  found  to  be  very  small; 
reproduction,  moreover,  seemed  to  be  inhibited. 

Various  observations  made  on  the  condition  of  the  ovary,  the 
periods  of  spawning  and  hatching,  the  number  of  eggs  carried  by 
the  female,  the  growth  of  the  lobster,  and  on  other  points  connected 
with  its  life-history  and  habits,  are  incorporated  in  the  paper. 

Dr.  Williamson  also  furnishes  a  further  note  on  the  life-history 
of  the  edible  crab,  treating  specially  of  the  hatching  of  the  young. 

The  Parasites  of  Fishes. 

Dr.  Thomas  Scott,  who  is  still  prosecuting  his  researches  on  the 
parasites  of  fishes,  contributes  a  paper  on  these  organisms  to  the 
present  report,  in  which  several  species  not  previously  recorded 
from  the  Scottish  seas  are  described,  the  descriptions  being 
illustrated  by  a  number  of  figures.  This  paper  contains  descriptions 
of  seventeen  species,  twelve  of  which  belong  to  the  Crustacea  and 
five  to  the  Trematoda. 

One  of  the  crustacean  species  described  is  found  living  in  the 
nasal  fossae  of  several  kinds  of  fishes,  as  the  cod,  haddock,  whiting, 
&c.  Another  was  obtained  in  the  mouth  of  a  three-bearded  rock- 
ling,  and  others  on  a  sturgeon,  a  porbeagle  shark,  and  other  fishes. 

The  Trematoda,  which  are  leach-like  in  form,  were  obtained  on 
the  gills  of  the  grey  gurnard,  the  ballan  wrasse,  and  the  bass 
(Labrax  lupus). 
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The  Marine  Crustacea. 

A  paper,  illustrated  by  foui*  plates,  is  also  contributed  to  the 
present  report  by  Dr.  Thonias  Scott  on  a  number  of  marine 
Crustacea,  obtained  in  collections  made  during  various  fishery 
investigations,  especially  the  trawling  investigations  in  the  Moray 
Firth. 

All  the  forms  described  are  small ;  they  are  for  the  most  part 
free-swimming  in  their  habits  and  belong  to  the  Copepoda,  a  group 
that  constitutes  a  large  proportion  of  the  food  of  the  edible  fishes 
in  their  young  stages.  Of  these  free-swimming  crustaceans  four 
are  new  to  science  and  are  now  described  for  the  first  time.  A  few 
species  that  live  as  parasites  on  other  crustaceans  are  also  recorded. 
They  belong  to  the  somewhat  abnormsd  Ghoniostomatidse ;  two  of 
these  are  also  new  to  science  and  are  now  described  for  the  first 
time  in  this  report. 

The  Tay  Sprat  Fishery. 

A  paper  is  included  in  the  present  report  in  which  Mr.  John 
Fletcher  gives  an  account  of  the  bag-net  fishing  for  sprats  on  the 
Tay  in  the  season  1904-1905.  The  methods  and  course  of  the 
fishing  and  the  situation  of  the  groimd  where  the  sprats  are  taken 
are  described,  but  the  chief  part  of  the  paper  deals  with  the 
composition  of  the  catches.  In  forty-six  samples  examined  at 
various  periods  from  October  to  February  inclusive,  comprising 
43,871  fishes,  the  number  of  young  herrings  was  found  to  be 
26,037,  the  sprats  numbering  16,992 ;  there  were  also  581  specimens 
of  other  food  fishes,  mostly  whiting  and  cod,  as  well  as  261 
specimens  of  unmarketable  and  inedible  forms.  The  herrings 
measured  from  1|  inches  to  7  inches  in  length. 

The  quantity  examined  represented  about  one-thousandth  part 
of  the  entire  season's  catch.  On  the  basis  mentioned  tables  are 
given  showing  the  estimated  composition  of  the  catches  throughout 
the  season,  from  which  it  appears  that  in  the  1348  crans  taken  the 
number  of  young  herrings  was  approximately  nearly  23^  millions, 
while  the  sprats  number^  a  little  over  21  millions.  The  percentage 
proportion  of  herrings  increased  gradually  and  steadily  from  the 
commencement  of  the  season  in  October,  when  it  was  20*4,  to 
January,  when  it  was  78*2. 

The  Young  of  the  Conger. 

In  last  year's  report  two  specimens  of  the  young  of  the  conger 
{LepiocephcUus)  at  different  stages  were  described,  the  earlier  being 
known  as  Zeptocephaltis  Marrim  and  the  older  as  L.  punctatus,  and 
both  were  taken  in  the  Moray  Firth.  Last  May  another  specimen 
of  L.  punctatus  was  captured  in  Aberdeen  Bay  in  from  four  to  five 
fathoms  of  water  and  brought  alive  to  the  Laboratory,  as  well  as 
the  head  part  of  a  third  specimen.  They  are  described  by 
Dr.  Fulton  in  the  present  report.  LeptocephcUi  are  exceedingly 
rare,  and  the  capture  of  four  in  so  short  a  time  is  of  interest. 

The  Spawning  of  the  Cod  in  Autumn  in  the  North  Sea. 

Dr.  Fulton  also  describes  further  observations  in  connection  with 
the  discovery  that  shoals  of  cod  spawn  in  Au!;^t,^'^\«a&«t^^sA 
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October  on  certain  grounds  lying  oft'  the  coast  of  Norway,  and 
about  190  miles  N.  by  E.  of  Aberdeen.  The  previous  description 
appeared  in  the  bulletin  (PuiliccUions  de  Circonstance)  of  the 
International  Council  for  the  Exploration  of  the  Sea.  The  fact 
that  the  cod,  whose  great  spawning-time,  as  is  well  known,  is  in 
spring,  should  also  spawn  in  autumn  is  of  interest.  It  has  been 
shown,  moreover,  that  the  temperature  of  the  water  at  the  grounds 
referred  to  when  spawning  occurs  is  the  lowest  for  the  year. 

Investigation  on  the  Herring  in  the  Firth  op  Clyde. 

In  connection  with  the  winter  herring  fishing  at  Ballantrae 
Bank,  off  the  coast  of  Ayr,  arrangements  were  made  for  an 
investigation  of  the  conditions  of  the  fishing  in  relation  to  the 
operation  of  the  Bye-law,  No.  18,  by  which  the  use  of  the  seine  for 
the  capture  of  herrings  within  a  defined  area  there  is  prohibited.  No 
fishing  however  took  place  last  year.  Only  one  trial  was  made  by 
a  single  boat,  and  the  catch  was  only  about  seven  hundred  small 
herrings.  The  "appearances"  of  herrings  were  not  favourable, 
and  the  market  prices,  as  given  in  the  newspapers,  were  so  low 
that  the  men  did  not  think  it  worth  while  to  start  the  fishing  and 
give  up  the  cod-net  and  line  fishing.  Tliat  there  were  herrings  on 
the  Bank  was  shown  by  their  presence  in  the  stomachs  of  cod  and 
saithe,  as  reported  by  the  Fishery  Officer,  and  by  the  coating  of 
herring  spawn  on  the  cod  nets. 

An  investigation  is  also  being  made  on  the  herrings  in  otlier 
parts  of  the  Firth  of  Clyde,  more  especially  in  Lochfyne,  where 
monthly  observations  are  made  on  the  temperatures,  the  abundance 
of  herring-food,  &c.,  and  marking  experiments  have  been  instituted 
to  determine,  if  possible,  the  migratory  movements  of  the  herrings. 

General  Index  to  the  Scientific  Eeports. 

A  paper,  prepared  by  Dr.  Fulton,  is  given  in  the  present  report, 
embodying  a  general  index  to  the  scientific  reports  of  the  Board 
since  the  commencement  of  scientific  investigations  in  1882.  The 
reports  are  twenty-two  in  number,  and  as  they  embrace  a  great 
variety  of  subjects  connected  with  the  sea  fisheries  in  their 
scientific  aspects,  it  is  hoped  the  index  may  be  useful  to  those 
engaged  or  interested  in  fishery  investigations. 

We  have  the  honour  to  be, 

Your  Lordship's  most  obedient  Servants, 

ANGUS  SUTHERLAND,  Chairman. 

D.  CRAWFORD,  Deputy-Chairman. 

D'ARCY  W.  THOMPSON. 

W.  R  DUGUID. 

L.  MILLOY. 

D.  MEARNS. 

H.  WATSON. 

WM.  C.  ROBERTSON,  Secretary. 
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I.— TRAWLING  INVESTIGATIONS.      By  Dr.  T.  Wemtss  Fulton, 
F.R.S.E.,  Superintendent  of  Scientifio  Investigations. 

Introductort. 

The  investigations  into  the  condition  of  the  fishing  grounds  in  certain 
parts  of  the  closed  waters,  particularly  in  the  Moray  Firth  and  Aberdeen 
Bay,  which  were  begun  a  few  years  ago  by  the  employment  of  commercial 
steam  trawlers,  were  continued  last  year  as  frequently  as  circumstances 
allowed.  Trawlings  were  made  in  January,  March,  April,  September, 
October,  November,  and  December,  the  total  number  of  recorded  hauls 
in  the  closed  waters  amounting  to  91,  of  which  14  were  made  in  Aber- 
deen Bay,  75  in  the  Moray  Firth,  aud  2  in  Sandside  Bay,  on  the  north 
coast  of  Scotland.  The  localities  in  the  Moray  Firth  which  were  most 
thoroughly  examined  were  Burghead  Bay  and  adjoining  parts  of  the 
south  coast,  the  Dornoch  Firth,  and  the  grounds  off  the  coast  of  Caith- 
ness. A  few  hauls  were  also  taken  on  Smith  Bank,  and  in  the  deeper 
parts  of  the  Firth,  at  the  so-called  '*  witch-grouuds." 

The  aggregate  number  of  fishes  taken  in  the  course  of  these  trawlings, 
so  far  as  they  were  completely  recorded,  was  63,525,  and  of  these  44,538 
were  taken  to  market,  the  remaining  18,987  being  thrown  overboard, 
either  because  they  belonged  to  species  which  are  not  edible,  or,  more 
commonly,  because  they  were  too  small  to  be  marketable.  The  propor- 
tions of  the  marketable  and  unmarketable  in  each  of  the  recorded  hauls 
are  given  in  the  Tables  appended. 

Records  were  also  made  of  a  number  of  hauls  of  a  steam  trawler  which 
fished  at  the  Faroes  in  the  month  of  May,  and  these  are  likewise 
included  in  the  Tables. 

One  of  the  chief  objects  of  these  trawling  investigations  is  to  ascertain 
as  far  as  possible  the  changes  which  may  occur  in  the  abundance  of  the 
food  and  other  fishes  in  the  closed  waters  in  different  years  and  at 
different  seasons,  but  observations  are  also  made  on  the  reproduc- 
tion of  the  fish,  their  spawning,  food,  &c.,  and  on  various  other  matters 
connected  with  their  life-history,  while  at  the  same  time  records 
are  made  of  the  surface  and  bottom  temperatures  of  the  water  on  the 
various  grounds  visited.  The  employment  of  commercial  vessels  for  this 
purpose  is  associated  with  certain  disadvantages ;  but  from  the  fact  that 
the  actual  trawling  work  is  carried  on  precisely  as  it  is  when  fishing  for 
market  purposes,  opportunities  are  afforded  for  a  number  of  observations 
bearing  on  this  method  of  fishing,  as,  for  example,  the  proportion  of  the 
marketable  and  unmarketable  fishes  which  are  captured,  the  relation 
between  the  size  of  the  fishes  taken  and  the  size  of  the  meshes  of  the 
net,  the  vitality  of  the  fishes,  &c.  Collections  are  also  made  of  the  floating 
organisms,  or  plankton,  and  of  fish  eggs  and  larvsa,  and  experiments  con- 
ducted with  small-medied  nets  with  the  view  of  procuring  collections  of 
fishes  of  various  sizes  in  connection  with  the  study  of  their  rate  of 
growth,  distribution,  6ie, 
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With  the  large  commercial  trawl,  the  efficient  ship,  and  the  experienced 
trawlers  in  charge,  it  is  possible  to  make  a  much  more  thorough  and 
extensive  examination  of  the  grounds  than  was  previously  possible. 

The  work  has  been  sometimes  carried  on  under  difficulty,  inasmuch  as 
since  the  reduction  of  the  Vote  for  Scientific  Investigations,  when  the 
International  researches  were  initiated,  no  assistance  was  available,  and  it 
was  impossible  for  me  alone  to  conduct  these  experiments  with  the  regu- 
larity that  was  desirable.  In  autumn  of  last  year,  Dr.  H.  G.  William- 
son was  re-appointed  to  the  scientific  staff  of  the  Board,  and  I  havo  to 
thank  that  gentleman  for  his  assistance  in  these  investigations. 


I. 

The  first  of  the  series  of  investigations  in  Aberdeen  Bay  and  the  Moray 
Firth  was  made  in  January,  from  the  14th  to  the  23rd,  the  steam 
trawler  "£rn"  being  employed,  one  of  the  objects  being  to  obtain 
a  supply  of  large  living  plaice  for  the  hatchery  at  the  Bay  of  Nigg. 
Besides  Aberdeen  Bay,  the  places  visited  were  the  grounds  off  the  Ord  of 
Caithness  and  Lybster,  Dunnet  Bay,  and  Sandside  Bay,  these  two  being 
situated  on  the  north  coast.  Three  hauls  were  made  in  Aberdeen  Bay 
on  the  14th,  a  strong  wind  blowing  from  the  south-west  with  rain.  The 
first  was  in  from  5  to  20  fathoms,  off  Newburgh,  for  four  hours  and 
five  minutes,  and  the  catch  was  small,  comprising  387  fishes,  of  which 
360  were  marketable  and  27  unmarketable.  Haddocks  and  codling 
formed  the  bulk  of  the  catch,  there  being  few  plaice,  and  they  were  all 
small.  The  other  two  hauls  were  also  taken  off  Newburgh,  in  from  4| 
to  9  fathoms,  and  they  were  still  less  productive,  the  respective  totals 
being  218  and  293  fishes,  the  hauls  lasting  for  four  hours  and  four 
hours  and  five  minutes.  Plaice  were  again  very  scarce,  and  haddocks  were 
not  numerous,  but  a  considerable  number  of  codling  were  taken.  Among 
the  fishes  in  the  second  haul  were  14  herrings  and  22  sprats.  In  the 
three  hauls,  lasting  for  twelve  hours  and  ten  minutes,  898  fishes  were 
taken,  of  which  783  were  marketable  and  115  unmarketable.  The 
numbers  of  marketable  and  unmarketable  of  the  various  species  were  as 
follows : — 


Cod. 

Codling. 

Haddock. 

Whiting. 

Plaice. 

I. 
II. 

Total 

6 

• 

186 
12 

431 
19 

• 

• 

27 

71 

• 

5 

198 

512 

27 

71 

Com.  Dab. 

Long 
Rough  Dab. 

Sprat. 

Herring. 

Starry  Ray. 

I. 
II. 

Total 

28 
1 

• 

4 

• 

22 

• 

14 

• 

16 

29 

4 

22 

14 

16 
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While  all  the  plaice  were  marketable,  there  were  none  of  medium  size, 
and  none  large ;  all  were  small.  The  majority  of  the  haddocks,  on  the 
other  hand,  were  large  or  medium,  viz.,  330  large,  109  mediums,  and 
54  small  or  thirds. 

In  the  Moray  Firth  the  first  haul  was  made  on  the  17th,  o£f  Lybster, 
in  about  25  fathoms,  a  strong  breeze  blowing  from  the  south-west. 
The  number  of  fishes  obtained  in  the  four  hours'  drag  was  352,  of 
which  206  were  marketable  and  146  unmarketable.  The  catch  com- 
prised 20  cod,  146  haddocks,  and  128  plaice;  all  the  haddocks 
except  46  small  were  unmarketable,  and  most  of  the  plaice  were 
also  small.  The  next  haul  was  made  in  rather  deeper  water,  34  to  36 
fathoms,  a  little  farther  off,  and  a  rather  better  catch  was  got,  viz.,  522 
fishes,  of  which  330  were  marketable.  Haddocks  and  plaice  were  again 
most  numerous — 315  and  162  respectively — and  they  were,  as  a  rule, 
larger,  especially  the  plaice,  112  being  either  large  or  medium.  Other 
seven  drags  were  taken  off  Lybster  in  from  23  to  35  fathoms,  with  as  a 
rule,  poor  results,  though  the  weather  had  improved  and  the  sea  was 
smooth.  Omitting  one  of  these,  in  which  the  net  was  split  and  only  108 
fishes  secured,  the  total  number  of  fishes  caught  in  the  thirty-three  hours 
and  ten  minutes  fishing  was  3478,  of  which  2005  were  marketable  and 
1473  unmarketable.  The  largest  total  number  taken  in  any  one  haul 
was  522 ;  the  largest  number  marketable  in  any  haul  was  330,  and  the 
lowest  118.  Haddocks  and  plaice  formed  the  bulk  of  the  fish  caught, 
the  former  numbered  1898,  of  which  rather  more  than  half  were  market- 
able ;  the  latter  numbered  875,  all  of  which  were  marketable.  The  total 
of  the  marketable  haddocks  and  plaice  according  to  size  was  as  follows : — 


1st 

2nd 

3rd 

4th 

Total 

Haddock 

63 

80 

46 

780 

969 

Plaice 

118 

387 

342 

28 

875 

The  accompanying  Table  gives  the  particulars  of  the  marketable  and 
unmarketable  fishes  of  the  eight  hauls : — 


Cod. 

Codling. 

Haddock. 

¥rhiting. 

Coal-fish. 

Cat-fiAh. 

Brill. 

Plaice. 

I. 
II. 

Total 

29 

67 
58 

969 
929 

• 
204 

2 

m 

2 

• 

2 

* 

875 

29 

125 

1,898 

204 

2 

2 

2 

875 

Lemon 
Dab. 

Witch. 

Common 
Dab. 

Long 

Rough 

Dab. 

Herring. 

Starry 
Ray. 

Skate. 

Angler. 

I. 
II. 

Total 

89 

• 

2 

• 

254 

7 

• 
1 

3 

• 

12 
11 

8 
9 

89 

2 

254 

7 

1 

8 

28 

12 

On  the  18th,  owing  to  the  comparatively  poor  catches  on  the  grounds 
off  Lybster,  the  vessel  left  for  the  north  coast  to  try  Sandside  Bay,  bat 
the  wind  in  the  Pentland  Firth  was  so  strong  that  it  was  forced  to 
return.    On  the  following  night  Sandside  Bay  was  reached  and  three 
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hauLs  were  made  there.  The  ^st  was  imperfect,  being  a  "fool"  shot, 
owing  to  a  tarn  in  the  net,  and  only  127  marketable  fishes  were  secured, 
mostly  plaice  and  haddocks  ;  the  depth  was  from  about  40  to  43  fathoms. 
In  the  next  haul  on  the  same  ground,  in  40  to  43  fathoms,  lasting  four 
hours  and  five  minutes,  324  fishes  were  taken — 169  being  marketable  and 
155  unmarketable.  Most  consisted  of  haddocks  and  plaice  ;  there  were 
also  14  gurnards  and  31  dog-fishes.  A  third  haul  for  four  hours  and 
ten  minutes,  in  from  28  to  40  fathoms,  was  still  less  productive,  the  total 
being  250  fishes,  175  being  marketable  and  75  unmarketable.  The 
numbers  of  haddocks  and  pUice  of  the  various  classes  according  to 
size,  in  the  two  hauls  were  these : — 


1st 

2nd 

3rd 

4th 

Total 

Haddock 

5 

56 

10 

62 

133 

Plaice 

20 

46 

46 

— 

112 

The  following  Table  gives  the  marketable  and  unmarketable  fishes 
caught  in  the  two  hauls,  the  time  of  fishing  being  8  hours  and  15 
minutes: 


Cod. 

• 

Codling. 

Haddock. 

Whiting. 

Gurnard. 

I. 
II. 

Total 

2 

4 
9 

183 
112 

m 

32 

SO 

2 

13 

245 

32 

30 

Plaice. 

Lemon 
Dab. 

Common 
Dab. 

Skate. 

Dog-fish. 

I. 
II. 

Total 

112 

• 

58 

35 

• 

• 

16 

81 

112 

58 

35 

16 

31 

Dunnet  Bay  was  then  tried,  and  a  haul  taken  in  30  to  36  fathoms. 
After  towing  for  an  hour  and  three-quarters  the  net  caught,  and  on  being 
brought  up  it  was  found  that  the  ground  rope  was  broken,  and  a  good 
deal  of  the  net  missing ;  what  was  left  contained  five  marketable  fishes. 

The  vessel  accordingly  returned  to  the  Moray  Firth  and  started  fishing 
south  of  Lybster,  on  the  grounds  off  the  Ord  of  Caithness.  The  wind 
was  still  from  the  south-west  and  very  squally.  The  first  haul,  for  4| 
hours,  was  made  in  23  and  24  fathoms,  and  405  fishes  were  secured,  of 
which  170  were  marketable  and  235  unmarketable.  Among  the  former 
were  19  cod,  107  haddocks,  and  78  plaice,  as  well  as  some  lemon  dabs 
and  common  dabs.  The  second  haul  for  the  same  time  on  the  same 
ground,  in  23  to  25  fathoms,  was  slightly  better,  446  fishes  being  taken — 
169  marketable  and  277  unmarketable.  Haddocks,  plaice,  and  dabs  were 
the  chief  fish  represented.  Other  six  hauls  were  taken  on  this  ground, 
the  catches  being  under  those  described,  and  in  one  of  the  hauls  the  trawl 
net  was  practically  destroyed,  nothing  coming  up  but  the  ground  rope. 
In  the  seven  hauls,  the  duration  of  which  was  29  hours  and  35  minutesi 
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the  aggregate  number  of  fiehes  caught  was  only  2086-— 895  being  market- 
able and  1191  unmarketable — which  was  eztremelj  poor  fishing.  The 
numbers  of  haddocks  and  plaice  of  the  various  sizes  taken  in  the  hauls 
were  as  follows  : — 

Ist         2nd  3rd  4th  Total 

Haddock  57  164  65  —  286 

Plaice  91  186        192  18  487 

The  particulars  an  to  the  marketable  and  unmarketable  in  the  seven 
drags  are  these  : — 


Cod. 

Codling. 

Haddock. 

Whiting. 

Coal-fish. 

Cat-fish. 

Conger- 
Eel. 

I. 
II. 

Total 

36 

• 

38 
29 

286 

478 

72 

4 

• 

3 

• 

2 

• 

36 

67 

764 

72 

4 

8 

2 

• 

Plaice. 

Lemon 
Dab.. 

Common 
Dab. 

Lonff 
Rough  Dab. 

Skate. 

Angler. 

I. 
II. 

Total 

487 

• 

38 

• 

• 

439 

• 

129 

16 
11 

• 

33 

487 

33 

439 

129 

27 

33 

The  vessel  then  steamed  to  the  so-called  '*  witch-grounds,''  off  Kinnaird 
Head,  and  made  two  drags  there  on  the  23rd.  Owing  to  want  of  time 
the  unmarketable  fishes  in  these  drags,  which  were  very  numerous,  were 
not  recorded.  In  the  first,  for  four  hours  and  fifteen  minutes,  in  from 
40  to  45  fathoms,  168  marketable  fishes  were  obtained,  chiefly  haddocks 
and  witches ;  the  offal,  or  unmarketable  fishes,  filled  seven  baskets,  the 
contents  of  one  of  which  were  counted,  viz.,  306  dabs,  183  long  rough 
dabs,  94  haddocks,  and  42  whitings.  In  the  second  drag,  in  from  40  to 
50  fathoms,  163  marketable  fishes  were  secured,  comprising  4  cod,  7 
codlings,  62  witches,  and  90  haddocks ;  the  offal  or  unmarketable  fishes 
filled  three  baskets,  and  were  not  enumerated.  Small  haddocks,  too  small 
to  be  marketable,  were  numerous  in  this  locality ;  the  numbers  of  the 
various  classes  of  marketable  haddocks  were,  1st  35,  2nd  65,  3rd  68. 

Another  haul  for  an  hour  and  ten  minutes  was  made  here  in  about  50 
fathoms  with  the  small-meshed  net  laced  around  the  cod-end,  in  order  to 
catch  the  small  fishes,  as  described  in  previous  reports;  2812  fishes  were 
taken,  belonging  to  18  species,  as  follow  : — 


Cod,  .... 

7 

Witch,       - 

39 

Haddock,    - 

249 

Lemon  Dab. 

3 

Whiting,    - 

122 

Common  Dab,     - 

-      986 

Poorcod,     - 

7 

Long  Rough  Dab, 

.     1048 

Norway  Pout,     - 

250 

Herring, 

2 

Three-Bearded  Rockling, 

2 

Sprat, 

3 

Four-Bearded  Rockling, 

5 

Lumpentu^  - 

65 

Grey  Gurnard,    - 

2 

Spotted  Dragonet 

15 

Plaice, 

4 

Hagfish,     - 

3 

18 
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The  quantity  of  fish  landed  at  the  end  of  the  voyage,  according  to  the 
market  returns,  amounted  to  99  cwt.,  as  follows  : — 

Cod.    Ck>dling.    Ling.    Saithe.    Hake.    Haddock.    Whiting.    Turbot.    HaUbut    BrilL 
23  4  1  2i  i  161  I  \  \  \ 

Lemon  Dab.    Plaice.    Witch.    Megrim.    Conger.    Skate.    Cat-fish. 
^  27  61  i  i  8  t 


II. 

The  second  series  of  trawlings  was  made  at  the  end  of  March  and  the 
beginning  of  April,  the  steam  trawler  "Star  of  the  Wave"  being 
employed.  The  first  place  visited  was  Burghead  Bay,  where  several 
hauls  were  taken,  in  from  4  to  16  fathoms,  on  28th  and  29th. 
In  the  first,  which  was  carried  into  water  of  30  fathoms  depth,  1202 
fishes  were  taken — 780  being  marketable  and  422  unmarketable.  The 
fishes  most  abundantly  represented  were  common  dabs,  plaice,  haddocks, 
and  witches ;  there  were  also  24  brill  and  19  lemon  dabs,  all  marketable, 
as  well  as  5  herrings.  All  the  haddocks  and  most  of  the  plaice  were 
small.  The  next  three  hauls  were  made  nearer  the  shore,  in  water  of 
from  about  4  to  16  fathoms.  In  the  first  of  these  975  were  secured — 
574  being  marketable  and  401  unmarketable.  Common  dabs  and 
plaice  were  best  represented,  numbering  respectively  360  and  325 — 
90  of  the  dabs  and  302  of  the  plaice  being  marketable.  The  catch 
also  included  89  haddocks — all  small,  and  37  marketable — 6  catfish, 
20  lemon  dabs,  and  35  witches.  The  second  haul  brought  up  698  fishes, 
mostly  plaice  and  dabs,  the  marketable  fishes  including  23  brill,  2 
turbot,  10  lemon  dabs,  and  9  witches,  as  well  as  18  haddocks,  3  cod,  and 
2  cat6shes.  The  third  haul,  for  five  hours  and  twenty-six  minutes, 
yielded  2331  fishes,  of  which  1181  were  marketiible  and  1150  unmarket- 
able. The  catch  included  1116  common  dabs,  576  plaice,  208  haddocks, 
30  lemon  dabs,  13  brill,  and  2  turbot;  there  were  also  in  this  haul  28 
anglers,  8  herring,  and  a  lumpsucker. 

The  aggregate  number  of  fishes  in  the  three  inshore  drags  referred  to 
was  4004,  2168  being  marketable  and  1836  unmarketable.  The  numbers 
of  haddocks  and  plaice  of  the  various  classes  according  to  size  were  as 
follows : — 


1st 

2nd 

3rd 

4th 

Total 

Haddock 

16 

204 

— . 

220 

Plaice 

96 

276 

416 

335 

1123 

The  details  of  the  four  hauls  referred  to  are  summed  up  in  the 
accompanying  Table : — 


Cod. 

Codling. 

Had- 
dock. 

Whiting. 

Coal, 
fish. 

Cat- 
fish. 

Gur- 
nard. 

Tur- 
bot. 

Brill. 

Floun- 
der. 

I. 
II. 

Total 

8 

• 

19 
27 

440 
99 

220 
53 

2 

• 

17 

• 

11 

8 

4 

• 

100 

9 

8 

46 

539 

273 

2 

17 

19 

4 

100 

9 

[OomHmfbei. 
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Plaice. 

Lemon 
Dab. 

Witch. 

Com. 
Dab. 

Long 

Rouffh 

Dab. 

Thorn- 
back. 

Herring. 

Angler. 

Lump- 
sucker. 

I. 
II. 

Total 

1,345 
95 

79 
2 

141 
60 

483 
1,630 

198 

69 
16 

13 

30 
25 

• 
8 

1,440 

81 

201 

2,113 

198 

85 

13 

55 

3 

Some  other  hauls  were  made  in  this  district,  but  in  somewhat  deeper 
water.  In  the  first  of  these  off  Burghead,  in  44  to  45  fathoms,  and 
lasting  four  hours  and  twenty  minutes,  1638  fishes  were  captured, 
1280  being  marketable  and  358  unmarketable.  The  number  of  haddocks 
increased  to  817,  most  of  them  being  small;  plaice  diminished  to 
twenty,  mostly  large  and  medium;  there  were  also  269  witches,  106 
lemon  dabs,  a  megrim,  a  brill,  and  8  cod.  In  the  next  haul,  lasting 
three  hours  and  thirty-five  minutes,  in  the  same  depth,  4030  fishes 
were  obtained,  2483  being  marketable  and  1547  unmarketable;  nineteen 
species  were  represented.  Haddocks  were  most  abundant,  numbering 
1927;  there  were  1358  dabs,  282  witches,  251  whiting,  27  lemon  dabs, 
and  10  plaice.  Ten  Norway  pouts,  a  herring,  a  bib,  and  2  Lumpenus 
were  also  taken,  as  well  as  5  marketable  hake.  The  next  haul  was 
begun  in  the  same  place,  the  vessel  towing  towards  Lossiemouth,  where 
the  net  was  hauled  in  16  fathoms.  The  drag  lasted  for  two  hours  and 
twenty-five  minutes,  and  1427  fishes  were  taken,  comprising  837  had- 
docks, 139  whitings,  40  plaice,  51  lemon  dabs,  6  witches,  as  well  as  4 
cod,  2  ling,  and  a  Norway  pout. 

In  these  three  hauls  in  deeper  water  the  total  number  of  fishes 
caught  was  7095,  4846  being  marketable  and  2249  unmarketable,  the 
time  of  fishing  being  ten  hours  and  twenty  minutes.  The  sizes  of  the 
haddock  and  plaice  taken  were  as  follows : — 

Ist  2nd  3rd  4th         Total 

Haddock  235  154  3113  —  3502 

Plaice  17  44  14  —  75 

The  particulars  are  given  in  the  following  Table : — 


Cod. 

Cod- 
ling. 

Hake. 

Ling. 

Had- 
dock. 

Whit- 
ing. 

Gur- 
nard. 

Brill. 

PUice.  ^X 

Witch. 

I. 
n. 

Total 

19 

• 

10 

5 

• 

22 

• 

2 

• 

3,502 
79 

530 
12 

17 
8 

5 

75 

176 
8 

429 
128 

19 

15 

22 

2 

3,581 

542 

25 

5 

75 

184 

557 

Megrim. 

Com. 
Dab. 

Long 

Rough 

Dab. 

Thorn- 
back. 

Grey 
Skate. 

Angler. 

Nor- 

way 

Pout. 

Her. 

ring. 

Bib. 

Lum- 
penus. 

I. 
IL 

Total 

2 

47 
257 

• 

1,720 

10 

• 

2 

10 
5 

• 

11 
11 

1 

1 

2 

2 

304 

1,720 

10 

2 

15 

1 

1 

2 
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A  haul  for  four  hours  was  made  in  thirteen  fathoms  off  Lossiemouth, 
the  vessel  trawling  around  a  dan,  but  the  catch  was  very  poor,  the 
number  of  marketable  fishes  secured  being  191,  and  the  unmarketable 
79,  a  total  of  270.  There  were  107  plaice,  36  haddocks,  eight  brill,  a 
cod,  a  catfish,  and  a  lumpsucke^  in  the  catch. 

The  next  place  visited  was  the  Dornoch  Firth.  On  30th  March  the 
trawl  was  dropped  in  sixteen  fathoms,  with  Dunrobin  Castle  bearing 
N.W.  and  Tarbert  Lighthouse  about  S.^K ;  a  sweep  was  made  around 
the  bay  into  four  fathoms  and  out  again,  the  haul  lasting  for  four  hours. 
The  weather  was  fine  and  the  sea  smooth. 

In  the  hauls  made  here  a  special  cod-end  with  large  meshes  was  used, 
and  the  catches,  especially  of  the  unmarketable  fishes,  were  therefore 
smaller  than  would  have  been  the  case  otherwise ;  the  records  cannot 
thus  in  this  respect  be  compared  with  the  foregoing. 

The  catch  consisted  of  400  fishes,  of  which  354  were  marketable.  The 
plaice  numbered  138,  and  there  were  69  cod  and  123  flounders.  In  the 
next  haul,  in  the  same  locality,  210  fishes  were  taken,  the  catch  com- 
prising 43  cod,  87  plaice,  38  flounders  and  29  skates  and  rays.  Other 
four  drags  were  made  here,  and  the  aggregate  catch  for  the  six  hauls, 
comprising  twenty-four  hours  and  five  minutes  fishing,  was  1932  fish, 
1837  being  marketable. 

The  details  of  the  catches  are  given  in  the  adjoining  Table ;  what  is 
stated  above  as  to  the  mesh  of  the  cod-end  must  be  borne  in  mind. 


Cod. 

Codling. 

Coal- 
fish. 

Haddock. 

Cat-fish. 

Brill. 

Plaice. 

Lemon 
Dab. 

I. 
II. 

Total 

754 

5 

1 

9 

• 

85 

• 

12 

4 

• 

581 
6 

33 

754 

6 

9 

35 

12 

4 

587 

33 

Witch. 

Flounder. 

Common 
Dab. 

Long 

Rough 

Dab. 

Thorn- 
back. 

Sprat. 

Grey 
Skate. 

I. 
II. 

ToUl 

15 

• 

235 
32 

57 
17 

• 

3 

92 
11 

2 

5 
23 

15 

267 

74 

3 

103 

2 

28 

Large  and  medium-sized  haddocks  were  present  in  the  catches,  the 
numbers  taken  being — large  86,  medium  80,  small  130,  fourths,  152; 
many  of  the  smaller  haddocks  would  escape  through  the  mesh  of  the 
cod-end  used. 

The  fishing  in  the  Dornoch  Firth  on  this  occasion  was  of  special 
interest,  for  several  reasons.  God  were  taken  in  quite  unusual  numbers, 
a  shoal  of  spawning  fish  having  been  hit  upon,  and  each  haul  of  the 
net  was  characterised  by  the  large  number  of  cod  present.  On  hauling 
the  net,  the  cod-end,  in  which  the  fish  were  contained,  could  be  seen 
floating  at  the  surface  some  distance  away  from  the  vessel;  this  is 
always  the  case  with  large  catches  of  the  greater  round  fishes.  The 
greatest  number  of  cod  caught  in  one  haul  of  four  hours  was  282,  but  in 
each  drag  the  net  contained  many  scores.     Owing  to  the  weight  of  fish 
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the  cod-end  was  not  brought  in  to  the  deck  at  first  in  the  ordinary  way, 
but  a  hole  was  cut  in  it  as  it  lay  alongside  the  vessel  and  the  ood 
removed  by  a  ''clip"  and  passed  along  to  the  fish-hold;  then  the  net 
was  brought  aboard.  As  mentioned,  the  cod  were  all  spawning,  eggs  and 
milt  flowing  freely  from  them,  and  I  was  struck  with  their  large  size. 
There  were  no  small  cod  among  them.  It  was  not  possible  to  measure 
them  all,  but  the  smallest  and  the  larger  were  put  aside  and  measured. 
The  smaller  female  fishes  ranged  from  33  to  35  inches;  two  males 
measured  29|  and  30  inches ;  among  a  few  "  codling "  taken  I  found 
^{le  measuring  27^  inches,  quite  immature.  Several  smaller-sized  cod 
were  brought  up  in  a  state  of  decay,  and  had  been  lying  on  the  ground 
dead  for  some  time  ;  whether  these  had  been  caught  previously  by  some 
other  trawler,  escaped  from  the  net  and  perished,  was  unknown.  The 
skipper  (S.  Caie)  stated  that  at  Faroe  they  sometimes  get  as  many  as 
sixty  score  of  cod  (1200)  in  a  single  drag  of  three  hours'  duration. 

Besides  the  cod,  several  of  the  other  fishes  taken  at  this  place  were 
ripe  and  spawning.  Among  the  few  coalfish  caught  I  found  a  female, 
measuring  40^  inches,  hsdf  spent,  with  the  eggs  flowing  freely,  and 
several  of  the  males  were  also  mature.  Most  of  the  flounders,  of  which 
267  were  taken — 235  of  them  marketable — were  also  spawning,  and  it 
is  evident  from  a  comparison  of  the  records  at  other  times  of  the  year 
that  shoals  of  flounders  come  out  from  the  shallower  waters — no  doubt 
largely  from  the  stretch  of  brackish  water  west  of  Qizzing  Briggs — at 
this  season  in  order  to  spawn.  Spawning  females  were  found  from  ten 
inches  upwards,  and  spawning  males  from  a  size  of  eight  inches.  Some 
plaice  were  also  found  ri|>e  and  spawning,  though  the  number  of  this 
fish  taken  was  relatively  small,  and  still  more  were  spent.  Among  the 
common  dabs  the  condition  was  not  so  far  advanced,  most  of  the  larger 
ones  having  the  reproductive  organ  large  and  ripe,  and  a  few  were 
just  commencing  to  spawn. 

On  this  ground,  therefore,  spawning  cod,  coalfish,  flounders,  plaice,  and 
common  dabs  were  found  on  the  30th  and  31st  March.  It  lies  about 
three  miles  from  the  nearest  land,  on  the  edge  of,  and  partly  over,  the  rough 
ground  that  under  ordinary  circumstances  is  avoided  by  trawlers,  the 
depths  being  from  thirteen  to  fifteen  or  sixteen  fathoms.  It  is  possible, 
I  may  say,  to  fish  over  the  rough  ground  when  cod  or  other  round  fishes 
are  present  in  large  numbers,  the  trawlers  explaining  that  the  cod-end, 
and  perhaps  most  of  the  net,  is  buoyed  up  from  the  bottom  by  the  fLsh. 
The  locality  lies  well  within  the  Dornoch  Firth^  and  I  think  it  will  be 
found  that  there  is  some  peculiarity  about  the  currents  here  that  tends 
to  distribute  the  floating  eggs,  the  movement  of  the  water  being  north- 
wards, rather  as  an  eddy.*  From  the  small  number  of  plaice  got  it  is 
not  certain  that  they  spawn  on  these  grounds  in  any  great  numbers,  and 
the  same  remark  may  be  made  about  the  coalfish.  Clearly,  however, 
cod  and  flounders  spawn  there  in  great  numbers. 

Before  leaving  the  Dornoch  Firth  a  haul  was  made  for  half  an  hour 
with  the  small-meshed  net  around  the  cod-end,  the  trawl  going  into  four 
fathoms.  The  number  of  fishes  taken  was  1107,  belonging  to  ten  species, 
as  follows: — 


Codling,  - 

1 

Plaice, 

74 

Haddock, 

2 

Flounder,     - 

53 

Whiting, 

27 

Common  Dab, 

46 

Herring, 

16 

Sprat, 

870 

Little  Sole,      - 

2 

Common  Pipefish, 

16 

*  Vide  Falton,  "The  Currents  of  the  North  8ea  and  their  ReUttion  to  Fiaheriee," 
Fifteenth  Annual  RepoH,  Part  II I, ^  p.  343. 
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The  vessel  then  steamed  to  the  south  coast  of  the  Moray  Firth  and 
took  a  haul  with  the  small-meshed  net  around  the  cod-end,  between 
Findhorn  and  Burghead,  in  30  to  32  fathoms,  the  haul  lasting  for  an 
hour.  The  total  number  of  fishes  obtained  was  1753,  belonging 
to  eighteen  species,  as  follows : — 


Codling, 

10 

Plaice, 

1 

Coalfish, 

1 

Lemon  Dab, 

14 

Haddock, 

19 

Common  Dab, 

68 

Wliiting, 

20 

Witch, 

221 

Norway  Pout, 

-      387 

Long  Bough  Dab, 

516 

Herring, 

36 

Megrim, 

1 

Sprati     - 

74 

Flounder,     - 

4 

LumpenuB, 

365 

Thomback,  - 

1 

Dragonet, 

2 

Angler, 

13 

Smith  Bank  was  then  visited,  and  a  haul  made  there  with  the  small- 
meshed  net  for  twenty-five  minutes  (the  net  catching  on  the  bottom  after 
that  interval  and  being  hauled)  in  22  fathoms.  The  number  of  fishes 
caught  was  1545,  belonging  to  thirteen  species,  as  follows  : — 

Plaice,         -         -  2- 

Lemon  Dab,  10 

Common  Dab,      -  99 
Long  Bough  Dab,  6 

Catfish,  -  3 

Herring.  -  1 


Before  returning  to  Aberdeen  a  haul  with  the  small-meshed  net  was 
taken  in  Aberdeen  Bay,  in  the  northern  part,  but  the  net  came  up  much 
torn  and  nu  fishes  were  caught ;  there  was  a  heavy  sea  and  a  strong  wind. 

Accordiqg  to  the  market  statistics,  the  quantity  of  fish  landed 
amounted  to  246§  cwts.,  as  follows : — 


Codling, 
Haddock, 

34 
-       444 

Whiting, 
Ling,      - 
Poorcod, 

502 

1 

-       436 

Norway  Pout, 
Gurnard, 

6 
1 

Cod.    Codlinff. 
1781        i 


Saithe.    Haddock.    Whiting.  Tarbot.  BrilL    Lemon  Dab. 

If              17               2i              f  i  24 

Dabs.    Witch.    Skate.  Cat-fish.  Monk. 

2}           6i           9              3i  1 


Plaice. 
21i 


III. 

The  next  series  of  trawlings  was  made  at  the  end  of  September  and 
the  beginning  of  October,  the  steam  trawler  ''  Star  of  the  Ocean  "  being 
employed.  The  first  place  visited  was  the  deep  hole  off  Fraserburgh, 
where  a  haul  was  made  in  75  fathoms,  a  dan  being  put  down  in  70 
fathoms.  In  sounding,  a  depth  of  1 30  fathoms  was  got  in  the  locality, 
fine  dirty  sand  being  on  the  armature  of  the  lead.  The  net  became 
fast  and  it  was  hauled  in  two  hours  in  35  fathoms.  The  catch 
comprised  1177  fishes,  of  which  900  were  marketable  and  277  un- 
marketable. Haddocks  were  best  represented,  the  number  taken  being 
825,  but  most  of  them  were  small.  There  were  also  44  cod  and  170 
codling,  44  whiting,  11  gurnards,  18  lemon  dabs,  11  megrims,  and  1 
witch,  with  some  other  fishes.     No  plaice  or  common  dabs  were  caught. 

Burghead  Bay  was  then  visited  and  a  couple  of  drags  made  in  from 
5  to  12  fathoms.     In  the  first,  which  lasted  for  four   hours  and  ten 
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minutes,  597  fish  were  caught,  184  being  marketable  and  413  unmarket- 
able. The  catch  was  made  up  mainly  of  small  haddocks  and  plaice, 
together  with  common  dabs.  In  the  second  haul,  for  four  hours  and  ten 
minutes,  1339  fishes  were  secured,  of  which  556  were  marketable  and 
783  unmarketable.  The  catch  was  again  chiefly  composed  of  small 
haddocks.  In  these  two  hauls,  the  time  of  fishing  being  eight  hours 
and  twenty  minutes,  1936  fishes  were  taken,  of  which  740  were  market- 
able and  1196  unmarketable.  The  haddocks  numbered  1565,  no  less 
than  999  of  them  being  too  small  to  be  marketable.  The  numbers  of 
haddocks  of  the  various  classes  were  these : — 


Haddock 


1st      2nd 
27         48 


3rd        4th 
491         -. 


Unmarketable     Total 
999  1565 


The  plaice  were  also,  as  a  rule,  small,  but  the  separate  sizes  were  not 
noted. 

The  details  regarding  the  different  species  are  as  follows:  — 


Cod-     Had- 
ling.  !  dock. 

Whit- 
ing. 

Gur- 
nard. 

Plaice. 

Lemon 
Dab. 

Common 
Dab. 

Long 

Rough 

Dab. 

1 
1 

Thorn-   Ang- 
back.     ler. 

1 

I. 
II. 

Total 

4 

• 

566 
999 

27 
16 

37 

135 
8 

5 

127 
127 

6 

3 

2 

4 

1,565 

48 

37 

143 

5 

6 

8 

2 

A  number  of  hauls  were  then  taken  between  Burghead  Bay  and 
Lossiemouth,  iu  water  from  7  to  12  fathoms  deep.  In  the  first, 
which  lasted  for  three  hours  and  fifteen  minutes,  498  fishes  were  caught, 
287  being  marketable  and  211  unmarketable.  The  catch  comprised  347 
haddocks — nearly  half  of  them  too  small  to  be  taken  to  market — and  42 
cod.  In  the  second,  for  four  hours  and  thirty-five  minutes,  892  fishes 
were  caught,  458  being  marketable  and  434  unmarketable.  Haddocks 
again  formed  the  bulk  of  the  catch,  numbering  587,  of  which  less  than 
half  were  marketable,  and  there  were  also  145  plaice  and  seven  cod. 
Most  of  the  other  hauls  made  in  this  place  were  less  productive,  but  iu 
one  the  number  was  considerably  exceeded.  It  was  for  four  hours  and 
five  minutes,  and  3157  fishes  were  captured,  of  which  972  were  market- 
able and  2185  unmarketable.  The  catch  comprised  1425  haddocks,  879 
being  too  small  to  go  to  market ;  358  plaice,  all  but  6  marketable ;  1082 
common  dabs,  201  gurnards  (none  taken  to  market),  51  codling,  4  cod, 
2  turbot,  8  brill,  and  5  lythe  or  pollack. 

In  the  seven  hauls  between  Burghead  and  Lossiemouth,  the  duration  of 
fishing  being  twenty-eight  and  a  half  hours,  the  total  number  of  fishes 
caught  was  6637,  or  an  average  of  2328*9  per  ten  hours'  fishing ;  the 
marketable  fishes  numbered  2880,  or  an  average  of  1010*4  per  ten  hours, 
the  unmarketable  numbering  3757,  or  an  average  per  ten  hours  of 
1318*3.  Of  2871  haddocks  caught  rather  more  than  half,  viz.,  1474, 
were  unmarketable,  while  of  1203  plaice  only  7  were  too  small  to  be 
taken  to  market  In  one  of  the  hauls  5  lythe  were  caught,  in  another 
4  coalfish,  too  small  to  be  marketable;  and  in  another  4  fine  black 
soles,  a  fish  which  is  very  rarely  caught  in  these  waters.  Of  the  1397 
haddocks,  96  were  large,  204  mediums,  and  1097  small  or  thirds ;  a 
classification  into  thirds  and  fourths  was  not  adopted  on  this  occasion. 
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The  accompanying  Table  gives  the  particulars  of  the  catches  of  the  seven 
hauls  combined. 


Cod. 

Ckxlling. 

Had- 
dock. 

Whit- 
ing. 

Coal- 
fish. 

Lythe.  „«,- 

Turbot. 

Brill. 

I. 
II. 

Total 

61 

• 

90 
.21 

1,397 
1,474 

33 
46 

4 

5 

• 

• 

589 

4 

• 

17 

• 

61 

111 

2,871 

79 

4 

5 

589 

4 

17 

Plaice. 

Lemon 
Dab. 

Black 
Sole. 

Witch. 

Common 
Dab. 

Angler. 

Thorn- 
back. 

Wrasse. 

I. 
II. 

Total 

1,196 
7 

37 

• 

4 

• 

2 

• 

26 
1,527 

86 

7 
3 

1 

• 

1,203 

37 

4 

2 

1,553 

86 

10 

1 

A  haul  was  also  made  on  the  usual  ground  off  Lossiemouth,  in  17 
fathoms,  for  one  hour  and  forty-five  minutes.  The  catch  consisted  of 
605  fishes,  405  being  marketable  and  200  unmarketable,  all  the  latter 
consisting  of  gurnards.  There  were  314  haddocks  and  80  plaice ;  about 
half  of  the  haddocks  were  large  and  mediums,  and  half  small,  while  all  the 
plaice  were  large  and  mediums.  In  the  hauls  in  Burghead  Bay,  and 
between  it  and  Lossiemouth,  several  hundred  squids  and  a  few  edible 
crabs  were  taken. 

The  vessel  then  steamed  to  the  Dornoch  Firth,  where  a  drag  with  the 
small- meshed  net  around  the  cod-end  was  made  for  an  hour  and  five 
minutes  in  from  10  to  12  fathoms.  The  catch  of  both  nets  num- 
bered 1035  fishes,  of  which  697  were  marketable,  mostly  of  small 
haddocks  ('* thirds").  The  numbers  of  the  various  species  were  as 
follows : — 


Codling,  - 

3 

Plaice,       - 

-       12 

Haddock, 

-     833 

Common  Dab,  - 

32 

Whiting, 

-     133 

Gurnard,  - 

-       22 

Another  drag  was  made  here,  but  the  net  had  a  twist  on  it,  and  only  133 
fishes  were  caught  in  the  four  hours  that  the  haul  lasted,  56  being 
marketable. 

The  grounds  off  Lybster  were  then  visited  on  3rd  October,  and  a  drag 
taken  for  four  hours  and  ten  minutes  in  from  26  to  34  fathoms.  The 
catch  comprised  991  fishes,  400  being  marketable  and  591  unmarketable. 
Haddocks  formed  the  bulk  of  the  catch,  numbering  811,  of  which  only 
340  were  marketable ;  there  were  also  60  gurnards,  23  codlings,  and  58 
lemon  dabs,  as  well  as  smaller  numbers  of  other  species.  Two  dog-fishes 
were  taken  in  the  net,  and  also  a  number  of  squids. 

The  next  place  visited  was  Smith  Bank,  where  a  haul  about  the  middle, 
in  19  and  20  fiEtthoms,  was  taken  for  an  hour  and  ten  minutes. 
The  cod-end  contained  an  immense  quantity  of  gurnards,  which  filled 
fifteen  baskets.  One  which  was  counted  contained  178  of  various 
sizes,  so  that  on  this  basis  the  total  number  would  be  about  2670.    There 
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were  also  in  the  cod-end  79  haddocks,  nearly  all  small,  13  plaice,  and  76 
comaion  dabs.  The  contents  of  the  small-meshed  net  filled  six  baskets, 
one  of  which  contained  348  small  haddocks,  93  dabs,  4  whitings,  3 
codlings,  103  gurnards,  and  4  lemon  dabs,  so  that  the  total  namber  of 
small  fishes  which  had  passed  through  the  meshes  of  the  cod-end  would 
number  about  3300,  mostly  haddocks  and  gurnards. 

Two  hauls  were  then  made  in  Aberdeen  Bay  in  the  neighdourhood  of 
Newburgh,  in  from  5  to  13  fathoms.  In  the  first,  for  four  hours 
and  ten  minutes,  384  fishes  were  caught,  of  which  242  were  marketable 
and  142  unmarketable.  Haddocks,  plaice,  whitings,  and  dabs  formed 
the  greater  part  of  the  catch,  most  of  the  haddocks  being  unmarketable. 
In  the  next  drag  572  fishes  were  obtained,  274  being  marketable,  5  of 
which  were  turbot.  The  particulars  of  these  two  hauls,  the  time  of  fishing 
being  eight  hours  and  fifteen  minutes,  are  as  follows  : — 


Had. 
dock. 

Whit- 
ing. 

Gur- 
nard 

Turbot 

Plaice. 

Lomon 
Dab. 

Commen 
Dab. 

Rough 
Dab. 

Angler. 

I. 
II. 

Total 

41 
103 

48 
21 

13 

5 

• 

364 

• 

3 

• 

55 
298 

m 

3 

2 

144 

69 

13 

5 

364 

8 

353 

3 

2 

The  statistics  showed  that  the   total  quantity  of  fish  landed  at  the 
market  amounted  to  65 J  cwts.,  as  follows  : — 


God.      Codling.      Ling. 
14J  3  U 


Hake.      Haddock.    Turbot.      Brill. 

Daba.     Witch.      Skate.     Cat-Esh. 
i  i  2  I 


Lemon  Dab,     Plaice. 

i  18 


IV. 


Early  in  November  another  series  of  hauls  was  made  in  Aberdeen  Bay 
by  the  "Ocean  Bride."  The  first,  for  three  and  a  quarter  hours,  was 
between  the  '^ Black  Dog"  and  Newburgh,  in  11  to  13  fathoms,  and  689 
fishes  were  caught,  of  which  422  were  marketable  and  267  unmarketable. 
Haddocks  numbered  185,  all  but  15  large  enough  to  go  to  market; 
there  were  73  plaice,  163  common  dabs,  9  cod,  63  codling,  154 
whiting,  as  well  as  a  halibut  and  3  turbot.  Other  five  recorded 
hauls  were  made  in  the  same  locality  in  from  4^  to  13  fathoms, 
and  the  total  number  of  fishes  taken  in  the  twenty-one  hours  and 
forty  minutes  of  actual  fishing  was  2398, 1410  being  marketable  and  988 
unmarketable.     The  particulars  are  given  in  the  following  Table : — 


Cod. 

Codling. 

Had- 
dock. 

Whiting. 

Gurnard. 

ling. 

Coal-fifih. 

I. 
II. 

Total 

62 

• 

181 
9 

685 
66 

69 
293 

• 
9 

1 

• 

2 

• 

02 

190 

761 

362 

9 

1 

2 

[CotUinued, 
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Halibut. 

Turbot. 

PKiice. 

Coramon 
Dab. 

Tiong 

Rough 

Dab. 

Skate. 

Angler. 

I. 
II. 

Total 

2 

• 

3 

• 

346 

• 

59 
230 

• 
76 

• 

293 

• 
12 

2 

3 

346 

289 

76 

293 

12 

V. 

The  next  series  of  trawling  observations  was  made  in  the  Moray  Firth 
in  the  latter  part  of  November,  the  trawler  employed  being  the  '*  Bracon- 
hill."  Burghead  Bay  was  first  visited,  and  three  hauls  were  taken  there 
on  the  21st  and  22nd  in  from  5  to  15  fathoms.  In  the  first  the 
number  of  fishes  secured  in  the  three  hours  and  fifteen  minutes  the  drag 
lasted  was  462,  of  which  421  were  marketable.  The  bulk  of  the  catch 
consisted  of  plaice,  of  which  405  were  caught,  mostly  small  and  mediums. 
Haddocks  were  scarce,  only  28  being  taken,  and  they  were  all  unmarket- 
able. Seven  brill  were  also  included  in  this  catch.  In  the  next  haul, 
for  three  hours  and  fifty  minutes,  1385  fishes  were  obtained,  1145  being 
marketable  and  240  unmarketable.  The  number  of  plaice  was  large, 
viz.,  1072,  and  they  were  all  marketable,  chiefly  small  and  mediums. 
Four  turbot  and  12  brill  were  also  caught  in  this  drag.  The  other 
two  hauls  on  this  ground  were  equally  productive,  the  catches  totalling 
1307  and  1493  fishes  respectively,  the  greater  proportion  being  market- 
able, and  consisting  chiefly  of  plaice. 

The  vessel  then  steamed  to  the  so-called  "  witch-ground,"  off  Cromarty, 
and  made  a  haul  there  in  27  to  30  fathoms  for  an  hour  and  ten 
minutes  with  the  small- meshed  net  around  the  cod-end ;  there  was  a 
strong  breeze  from  the  N.N.E.,  with  snow  showers  and  a  rough  sea. 
The  number  of  fishes  in  the  cod-end  was  310,  of  which  67  were  market- 
able ;  they  chiefly  consisted  of  whitings,  witches,  and  dabs.  The  small- 
meshed  net  contained  the  following  fishes : — 


Codling,    - 

2 

Long  Rough  Dab, 

-     152 

Haddock, 

17 

Common  Dab,   - 

.      94 

Whiting,  - 

.    349 

Witch,      - 

-       21 

Norway  Pout,   - 

-      83 

Gurnards, 

4 

Hake, 

4 

Two  other  hauls  were  taken  in  this  locality,  the  catches  of  which  were 
not  recorded ;  in  the  second  the  net  was  split  and  the  ground  rope 
broken,  and  the  vessel  lay  to  till  morning  and  then  returned  to  Burghead 
Bay,  where  a  series  of  hauls  were  miade.  In  the  first  of  these,  in 
from  7  to  19  fathoms,  for  four  hours  and  a  half,  1139  fishes 
were  secured,  of  which  939  were  marketable  and  200  unmarketable.  The 
plaice  numbered  917,  and  the  haddocks  155,  all  of  the  latter  except  five 
being  too  small  for  market;  a  turbot  and  11  brill  were  also  taken. 
In  the  next  drag  1049  fishes  were  taken  in  the  four  hours  and  ten  minutes 
it  lasted,  almost  all  marketable,  viz.,  998,  and  mostly  plaice,  which  num- 
bered 962.  In  the  third  drag,  for  four  hours  and  fifteen  minutes,  1283 
fishes  were  captured,  1199  of  which  were  marketable;  and  in  a  fourth 
haul  1339  were  taken,  1262  being  marketable,  plaice  again  forming  the 
greater  portion  of  the  catch,  which  also  included  7  turbot  18  brill. 
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The  vessel  then  proceeded  to  the  Dornoch  Firth,  where  three  hauls 
were  made.  One  of  these  was  not  recorded,  and  the  first  of  the  others 
was  a  small-meshed  drag,  which  lasted  for  one  hour  and  was  made  in  from 
6  to  10  fathoms,  a  moderate  hreeze  blowing  from  the  W.S.W.  with 
rain,  and  the  sea  being  smooth.  In  the  cod-end  there  were  396  fishes, 
284  of  which  were  marketable  and  112  unmarketable.  Most  of  the 
catch  consisted  of  plaice,  but  there  were  also  57  large  and  medium  had- 
docks, a  cod,  and  a  few  dabs.  The  contents  of  the  small-meshed  net 
were  as  follows  :  — 


Codling,     - 

-      26 

Long  Rough  Dab, 

1 

Whiting,   - 

-    408 

Plaice, 

-      30 

Common  Dab,    - 

-     127 

Herring,     - 

-     673 

Witch,      ^ 

1 

Sprat, 

-       79 

The  second  drag,  in  about  8  fathoms  for  four  hours,  gave  1650 
fishes,  of  which  1594  were  marketable.  The  catch  included  1252  plaice, 
5  cod,  348  haddocks,  a  halibut,  and  2  turbot.  The  two  drags, 
representing  five  hours'  fishing,  yielded  2046  fishes,  1878  being  market- 
able. In  this  total  the  plaice  numbered  1481  and  the  haddocks  409. 
The  marketable  and  unmarketable  fishes  are  as  follows : — 


Cod. 

Cod- 
ling. 

Had- 
dock. 

Whit- 
ing. 

Coal- 
fish. 

Halt, 
but 

Tut- 
bot. 

Plaice. 

Lemon 
Dab. 

Com. 
Dab. 

Thorn- 
bock. 

I. 
II. 

Total 

6 

7 
10 

389 
20 

• 
81 

1 

• 

1 

• 

2 

• 

2 

1,457 
24 

3 

12 
80 

• 

3 

6 

17 

409 

31 

1 

1 

1,481 

8 

92 

3 

Both  among  the  haddocks  and  the  plaice  the  proportion  of  the  small 
fishes  was  inconsiderable  compared  with  some  other  hauls.  The  numbers 
of  the  different  classes  were  as  follows : — 


Haddock, 
Plaice, 


1st        2nd       3rd      4th  Unmarketable  Total. 
223        166        —        —  20  409 

4        426      307       720  24  1481 


Before  leaving  the  Firth  some  further  hauls  were  made  in  Burghead 
Bay  on  the  26th.  In  the  first  of  these,  in  from  6  to  19  fathoms 
and  for  four  hours  and  a  half,  the  number  of  fishes  caught  was  1017, 
922  being  marketable.  Haddocks  were  sparingly  represented,  the  bulk 
of  the  catch  consisting  of  plaice— 857 — and  2  turbot,  17  brill, 
and  2  witches  were  also  included  in  the  total.  In  the  next  haul,  in 
16  to  20  fathoms,  for  four  hours  and  twenty  minutes,  1013  fishes 
were  taken,  909  being  marketable;  they  consisted  mostly  of  plaice. 
The  third  haul  was  not  completely  recorded ;  it  included  nine  baskets  of 
plaice. 

In  the  ten  hauls  made  in  Barghead  Bay  during  this  trip,  the  duration 
of  actual  fishing  being  being  forty  hours  and  £ve  minutes,  the  total 
number  of  fishes  obtained  was  11,487,  or  an  average  of  2865*6  per  ten 
hours'  fishing  the  marketable  numbered  10,038,  the  average  per  ten 
hours  being   2504*4,  and  the  unmarketable  amounted   to    1449,   the 
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arerage  being  361*2.     The  particalars  are  giren  in  the  acoompanying 
Table :— 


Cod. 

Codling. 

Had- 
dock. 

Whit- 
ing. 

Coal- 
fish. 

Gur- 
nard. 

144 

! 

Halibut. 

Tur- 
bot. 

Brill. 

I. 
II. 

Total 

19 

12 
59 

12 
340 

• 

160 

1 

3 

• 

19 

• 

121 

19 

71 

352 

160 

1 

144 

3 

19 

121 

Plaice. 

Lemon 
Dab. 

Black 

Sole. 

Witch. 

Com. 
Dab. 

Long 
Rough 
Dab. 

Skate. 

Angler. 

I. 
II. 

TVtal 

9,404 
56 

20 

■ 

1 

20 

378 
644 

10 

28 
9 

27 

9,460 

20 

1 

20 

1,022 

10 

37 

27 

The  number  of  haddocks,  it  will  be  observed,  was  very  small,  and  the 
remark  is  true  indeed  of  round  fishes  generally.  The  ten  drags  yielded 
only  one  dozen  marketable  haddocks,  the  same  number  of  codlings,  while 
all  the  whitings  were  unmarketable.  Flat-fishes,  on  the  other  hand,  were 
abundant  Nineteen  turbot,  121  brill,  3  halibut,  and  9404  plaice 
were  taken  to  market,  as  well  as  20  lemon  dabs,  a  black  or  common 
sole,  and  some  others.  A  considerable  proportion  of  the  plaice  consisted 
of  mediums,  as  the  following  statement  shows  : — 


Plaice, 


Ist       2nd        3rd 
91      4110      5090 


4th  Unmarketable  Total. 
113  56  9460 


In  Aberdeen  Bay,  on  the  28th,  a  haul  was  taken  with  the  small-meshed 
net  around  the  cod-end,  in  19  to  21  fathoms,  the  drag  lasting  for  one 
hour  and  fifteen  minutes.  The  catch  was  a  very  poor  oue,  consisting  of 
only  18  marketable  fishes  and  61  unmarketable,  in  the  cod-end,  or 
79  altogether,  and  it  comprised  30  haddocks  and  31  whitings,  and  only 
6  plaice.     The  small-meshed  net  contained  the  following : — 


Codling, 

48 

Common  Dabs, 

53 

Haddock, 

46 

Long  Rough  Dabs,  - 

11 

Whiting, 

-      806 

Herring, 

1 

Sprats,    • 

6 

The  total  quantity  of  fish  landed  as  a  result  of  this  trip  amounted  to 
183|  cwts.,  as  follows:— 

Cod.     Codling.     Haddock,     Turbot     HaUbnt.     BrilU    Lemon  Dab.     PUice.    Dabt. 
9f  1|  6f  li  f  4  146| 

Witch.     Conger      Skate. 
^  I  6 
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VI. 

In  the  early  part  of  December  another  series  of  trawlings  was  made, 
the  steam  trawler  employed  being  the  "  Loch  Lydoch."  In  the  Moray  Firth 
Burghead  Bay  was  the  first  place  visited.  A  haul  there  on  the  6th,  in 
from  16  to  4  A  fathoms,  but  chiefly  under  7,  for  four  hours,  gave 
1007  fishes,  01  which  849  were  marketable  and  158  unmarketable. 
Plaice  formed  the  bulk  of  the  catch ;  747  were  obtained,'  all 
but  9  being  marketable.  There  were  also  8  cod,  4  turbot,  21 
brill,  and  3  lemon  dabs.  Only  20  haddocks  were  taken,  and  they 
were  all  unmarketable.  The  plaice  amounted  to  nine  level  basketfuls, 
five  consisting  of  mediums,  one  of  large,  and  the  rest  thirds.  The 
weather  was  fine,  the  sea  calm,  with  a  gentle  westerly  breeze. 

The  second  drag,  for  four-and-a-quarter  hours,  was  made  in  the  same 
place  and  in  the  same  depths,  and  the  catch  amounted  to  1082  fishes,  939 
being  marketable  and  142  unmarketable.  The  number  of  plaice  caught 
was  853,  all  being  marketable;  11  were  large,  291  medium,  and  551 
small.  Included  in  the  catch  were  18  cod,  2  turbot,  13  brill,  and 
a  cat-fish.  Haddocks  were  very  scarce,  only  seven  being  taken, 
one  of  which  was  marketable.  In  the  same  locality  the  third  drag,  for 
four  hours  and  ten  minutes,  in  from  six  to  nine  fathoms,  yielded  1120 
fishes,  of  which  950  were  marketable  and  170  unmarketable.  There 
were  860  plaice,  all  marketable,  twelve  being  large,  318  medium,  and  530 
small.  There  were  also  ten  brill,  twelve  cod,  and  thirty-two  haddocks, 
of  which  only  six  were  marketable. 

The  next  haul  extended  into  deeper  water,  viz.,  twenty  fathoms,  but  was 
mostly  about  eight  or  nine,  and  in  the  four  hours  and  ^ve  minutes  it 
lasted  953  fishes  were  taken,  of  which  897  were  marketable  and  56 
unmarketable.  The  catch  included  823  plaice,  all  marketable,  two  turbot, 
nineteen  brill,  a  cod,  and  a  few  dabs.  There  were  twenty-one  haddocks, 
all  unmarketable. 

A  drag  for  an  hour  with  the  small-meshed  net  around  the  cod-end  of 
the  trawl  yielded  in  the  latter  208  fishes,  plaice  again  predominating. 

The  small-meshed  net  contained  329  fishes,  as  follows  : — 

Coilling,     - 
Whiting,    -         -         - 
Common  Dab,     - 
Long  Rough  Dab, 

The  vessel  then  steamed  to  the  Dornoch  Firth,  where  a  few  hauls  were 
made.  The  first,  with  the  small*  meshed  net  around  the  cod-end,  lasted 
fo^  an  hour,  and  was  made  in  from  4  to  9  fathoms.  The  number  of 
fish  taken  was  213 — 178  being  marketable  and  35  unmarketable.  The 
catch  included  1  cod,  3  codling,  18  haddocks,  all  marketable,  156  plaice, 
and  a  few  others. 

A  few  other  hauls  were  made  around  a  dan,  placed  in  12  fathoms. 
In  the  first  of  these,  the  drag  lasting  four  hours  and  twenty  minutes,  934 
fishes  were  secured,  of  which  811  were  marketable.  The  catch  included 
737  plaice,  55  of  which  were  unmarketable,  and  117  haddocks,  all  but  ten 
of  which  were  marketable.  The  next  haul  was  not  completely  recorded ; 
it  included  two  baskets  of  medium  and  one  of  small  plaice,  one  basket  of 
large  and  one  of  small  haddocks.  Another  drag  made  in  from  8  to 
12  fathoms,  and  lasting  for  ^ve  hours,  yielded  850  fishes,  742  l)eing 
marketable  and  108  unmarketable.  Plaice  formed  the  bulk  of  the  catch, 
746  being  taken,  of  which  33  were  unmarketable ;  only  7  haddocks 
c 


8 

Sand-eel,  - 

6 

34 

Herrings,  - 

-     129 

18 

Sprats, 

-      ^3 

1 

■ 

30 


Part  HI. — I'werUy "third  Annual  Report 


were  taken  in  this  drag,  all  marketable.  In  the  three  recorded  hauls,  the 
duration  of  fishing  being  ten  hours  and  twenty  minut^  1999  fishes 
were  caught,  1733  being  marketable  and  266  unmarketable.  The  pro- 
portion of  large  and  small  haddocks  and  plaice  was  as  follows : — 

1st      2nd         3rd        4th  Unmarketable  Total 
Haddocks,  4         18         110        —  10  142 

Plaice,  —      406         498       640  95  1639 

The  details  as  to  the  marketable  and  unmarketable  are  these  : — 


Cod. 

Cod- 
ling. 

Had- 
dock. 

Whit- 
ing. 

Gur- 

nard. 

Plaice. 

Lemon 
Dab. 

Meg- 
rim. 

Com. 
Dab. 

Sole- 
nette. 

Thorn- 
back. 

L 

n. 

Total 

3 

5 
26 

132 
10 

1 
25 

3 

1,644 
95 

1 

1 

35 

88 

1 

9 
18 

3 

31 

142 

26 

3 

1,639 

1 

1 

125 

1 

27 

Some  further  drags  were  made  in  Burghead  £ay  with,  on  the  whole, 
good  catches  of  fish.  The  depth  was  usually  from  6  to  9  fathoms, 
the  length  of  the  haul  about  four  hours,  and  the  aggregate  number  of 
fishes  for  a  haul  varied  from  631  to  1027.  Plaice  formed  the  greater 
part  of  the  catches,  but  there  were  also  a  good  few  cod,  turbot,  and  brill, 
while  haddocks  remained  singularly  scarce.  The  aggregate  numbers  in 
the  eleven  recorded  hauls  here  during  the  voyage — the  duration  of  the 
fishing  being  forty-two  hours  and  twenty  minutes — were  9253  fishes, 
8032  marketable  and  1221  unmarketable.  The  following  Table  shows  the 
proportion  of  marketable  and  unmarketable  of  each  kind  : — 


Cod. 

Codling. 

Had- 
dock. 

Whit- 
ing. 

Cat-fish. 

Gur- 
nard. 

Coal- 
fish. 

• 
Halibut. 

I. 
II. 

Total 

71 

37 
172 

209 

42 
137 

• 

148 

1 

15 

1 
1 

1 

• 

71 

179 

148 

1 

15 

1 

• 
Tiirbot. 

15 

Brill. 

Plaice. 

Lemon 
Dab. 

Witch. 

Common 
Dab. 

Lonff 

Rough 

Dab. 

Flounder. 

I. 
IL 

ToUl 

136 

7,530 
60 

8 
1 

17 

530 
628 

32 

2 

16 

136 

7,580 

9 

17 

1,153 

82 

2 

Thorn- 
hack. 

Sandy 
Ray. 

Sand  Eel. 

Sprat. 

Angler. 
41 

Cottus 
Scorpius. 

Herring. 

I. 
II. 

Total 

6 

— 

1 
16 

• 

1 

1 

1 

11 

6 

17 

1 

1 

41 

1 

11 
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It  will  be  observed  that  only  179  haddocks  were  taken,  and  of  these  only 
42  were  marketable,  or  a  proportion  of  about  one  haddock  per  hour's 
fishing.  None  of  the  148  whitings  caught  were  marketable,  while  37 
out  of  209  codlings  were  marketable.  There  were  15  turbot  and  136 
brill,  all  of  them  beiug  marketable.  The  bulk  of  the  marketable  fishes 
consisted  of  plaice,  of  which  altogether  7580  were  taken,  all  but  50 
beiug  marketable.  The  proportion  of  large  and  small  among  the  plaice 
was  as  follows  : — 


1st 

2nd 

3rd 

4th 

Unmarketable 

Total 

62 

3222 

3854 

394 

50 

7580 

The  vessel  then  steamed  to  Smith  Bank,  where  a  haul  was  made  for 
an  hour  with  the  small-meshed  net  around  the  cod-end  in  from  19  to  22 
fathoms.  In  the  trawl-net  there  were  only  28  fishes,  viz.,  a  codling,  a 
brill,  and  26  plaice,  all  marketable.  The  small-meshed  net  contained  1968 
fishes,  belonging  to  ten  species,  as  follows  : — 


Codlings,     - 
Haddock,    - 

-       53 

4 

Sand-eel, 
Armed  Bullhead 

1 
1 

Whiting,     - 
Gurnard,     - 
Common  Dab,     - 

-  1861 

2 

-  27 

Idparisj 
Herring, 
Sprat,     - 

3 

12 

4 

On  the  way  to  port  a  few  hauls  were  taken  in  Aberdeen  Bay,  a  strong 
N.E.  wind  blowing,  with  a  rough  sea  and  heavy  rain.  The  first  drag  was 
for  an  hour,  in  from  17  to  19  fathoms,  in  the  northern  part,  off  the 
quarries,  and  the  small-meshed  net  was  used.  The  trawl  contained  143 
fishes,  of  which  103  were  marketable.  The  catch  comprised  6  cod,  64 
codling,  all  marketable,  41  plaice,  and  a  few  others.  In  the  next  drag  in 
the  same  locality,  for  four  hours  and  five  minutes,  iu  from  17  to  19 
fathoms,  182  fishes  were  caught,  of  which  136  were  marketable  and  46 
unmarketable.  Among  the  former  were  19  cod,  24  codliug,  2  halibuts, 
and  78  plaice.     In  neither  haul  were  any  haddocks  taken. 

The  following  Table  shows  the  proportion  of  the  marketable  and 
unmarketable  fishes : — 


Cod. 

Cod- 
ling. 

Wliit- 
ing. 

Hali- 
but. 

Plaice. 

Com. 
Dab. 

Long 

Rough 

Dab. 

Thorn- 
back. 

Grey 

Skate. 

Ang- 
ler. 

I. 
II. 

Total 

25 

78 
5 

10 

2 

119  . 

12 
24 

10 

m 

33 

2 

4 

1 

25 

83 

10 

2 

119 

36 

10 

33 

6 

1 

The  total  quantity  of  fish  landed  by  this  vessel,  as  a  result  of  its  trip, 
amounted  to  118§  cwts.,  as  follows: — 


Cod. 
16i 


Codling. 
8 


Haddock. 

4 

Plaice. 
86| 


Turbot.        Halibut.        Brill.        Lemon  Dab. 
1  i  3  I 


Dabs. 
3 


Skate. 

2 


Catfish. 
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A  Trip  to  the  Faeb6e  Grounds. 

In  Apiil  a  trip  to  Faeroe  was  made  by  Mr.  W.  Chalmers,  on  board  the 
steam  trawler  "  Star  of  the  Wave,"  and  records  were  taken  by  him  and 
the  skipper,  Mr.  S.  Caie,  which  are  here  included,  llie  vessel  left 
Aberdeen  on  the  morning  of  the  22ud  and  arrrived  at  Faeroe  early  in  the 
morning  of  the  24th,  the  voyage  occupying  forty  and  a  half  hours. 
Nearly  all  the  fishing  took  place  to  the  south-east  of  Fuglo,  in  deep  water, 
and  the  weather  was  stormy,  the  vessel  being  compelled  to  lay  to  for 
twelve  hours.  The  first  haul  was  made  about  six  and  a  half  miles  off, 
Fugli)  bearing  N.W. ;  the  trawl  was  dropped  in  55  fathoms  and  hauled 
after  four  hours  in  73  fathoms.  The  catch  comprised  1048  fishes,  of 
which  all  but  three  were  marketable.  Here  it  may  bo  said  that  the  ofial 
or  unmarketable  fishes  in  the  drags  at  the  Faeroe  deep  water  grounds  bear 
a  very  small  proportion  to  the  marketable  fishes,  and  offer  a  contrast  to 
what  usually  obtains  in,  say,  the  Moray  Firth.  In  this  haul  the  number 
of  codlings  was  very  large,  viz.,  520,  all  of  them  marketable  ;  there  were 
5  cod,  a  ling,  a  tusk,  16  halibuts,  400  haddocks,  mostly  large  and  all 
marketable,  30  lemon  dabs  and  9  plaice,  as  well  as  21  cat-fish,  and  a  few 
others.  In  the  next  haul,  on  the  same  ground,  the  net  was  split,  and  a 
complete  record  was  not  made  of  the  catch.  It  included,  however,  a 
basket  of  codling,  1  cod,  906  haddocks  (all  but  1  marketable),  4  halibuts, 
a  ling,  11  cat-fish,  18  plaice,  and  28  lemon  dabs  ;  there  were  15  offal  fish. 
The  next  drag,  also  on  the  same  grounds,  in  from  53  to  57  fathoms,  for 
four  hours,  yielded  898  fish,  all  but  24  marketable.  They  consisted  of 
the  same  kinds,  codling  being  less  numerous,  and  the  haddocks  numbered 
778,  all  of  them  being  marketable. 

A  number  of  hauls  were  made  on  this  ground  on  the  24th  and  25thi, 
in  some  of  which  the  net  was  split,  and  in  one  the  cod-end  (of  single 
twine  on  this  occasion  for  experimental  purposes)  gave  way  and  most  of 
the  catch  was  lost.  In  one  of  the  drags,  for  four  hours,  15  baskets 
of  large  haddocks,  one  of  mediums,  and  one  and  a  half  of  smalls  were 
taken,  with  about  200  cod,  and  a  number  of  halibut,  plaice,  and  ling.  On 
the  afternoon  of  the  25th  the  weather  was  so  bad  that  the  vessel  had  to 
run  for  shelter,  and  the  next  forenoon  fishing  was  resumed  about  15  miles 
off  Videro  in  60  to  67  fathoms,  but  with  poor  results,  the  net  being  split 
and  a  gale  blowing.  In  the  evening,  fishing  off  Fuglo  was  resumed,  and 
a  number  of  hauls  were  taken  in  from  48  to  75  fathoms,  haddocks,  cod- 
lings, and  cod  forming  the  bulk  of  the  catches. 

Altogether  the  vessel  made  29  hauls  in  the  Faeroese  waters,  leaving  for 
Aberdeen  on  the  morning  of  the  30lh,  aud  arriving  in  the  port  early  on 
the  morning  of  May  2.  In  some  of  the  hauls  the  net  was  torn,  and  in 
other  cases  the  catch  was  not  completely  enumerated.  In  17  recorded 
hauls,  the  aggregate  time  of  fishing  being  sixty-seven  hours  and  twenty 
minutes,  13,932  fishes  were  captured,  of  which  13,767  were  marketable 
and  164  unmarketable.  The  ratio  per  ten  hours  of  fishing  was  2069*2 
fishes,  the  marketable  being  2044*8  and  the  unmarketable  24*4  per  ten 
hours.  The  total  number  of  the  principal  species  taken  in  these  hauls, 
and  the  ratio  per  ten  hours'  fishing,  are  given  in  the  following  Table : — 
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Cod. 

Cod- 
ling. 

Liiig. 

Coal- 
Hsh. 

Had- 
dock. 

Whit- 
ing. 

Cat-fish. 

Tusk. 

No.    . 
Average 

538 
797 

3,275 
486*4 

12 

1-8 

77 
11-4 

8,846 
1312-9 

5 
0-74 

175 
26  0 

3 
0-44 

Halibut. 

Plaice. 

Lemon 
Dab. 

Common 
Dab. 

Turbot. 

Megrim. 

1 
015 

Angler. 

No.    . 
Average 

165 
24-5 

191 
28-4 

331 
49-0 

180 
27-0 

4 
0-6 

61 
9-0 

The  number  of  cod  in  any  of  the  drags  varied  greatly — from  nil  to 
160;  the  nnmber  of  codling  ranged  from  50  to  520  and  484,  and  in 
these  hauls  they  were  all  marketable.  The  total  of  haddocks  in  the 
different  hauls  varied  from  242  to  1153,  and  they  wore  all  marketable. 
Cat-fish  were  got  in  each  of  the  17  drags,  their  numbers  varying  from  4 
to  21  ;  halibut  were  taken  in  16  of  the  hauls,  the  numbers  ranging  from 
nil  to  34  in  the  different  hauls.  Plaice  were  also  gut  in  each  haul,  the 
numbers  varying  from  4  to  27.  Among  lemon  dabs,  also  taken  in  each  of 
the  drags,  the  numbers  varied  from  2  to  46. 

At  already  stated,  the  proportion  of  the  unmarketable  fishes  from  these 
grounds  is  small,  and  the  sizes  of  the  marketable  are  also  large.  The 
sizes  of  the  haddocks  and  plaice  taken  were  as  follows : — 


Ist        2nd        3rd 

Haddock,  5,999      535      1,944 
Plaice, 


4th     Unmarketable      Total. 
—  —  8,478 


175        16        —  — 


191 


The  haddocks  in  one  of  the  hauls  referred  to,  362  in  number,  were  not 
classified  ;  and  among  the  *'  1st  **  in  the  above  list  are  a  number  of  "  extra 
large.** 

One  haul  was  made  for  thirty  minutes  with  a  small-meshed  net  around 
the  cod-end,  in  from  58  to  63  fathoms,  south-east  of  Fuglo.  The  catch  in 
the  cod-end  numbered  114  fishes,  all  marketable,  comprising  1  cod,  48 
codling,.  49  haddocks,  2  cat-fish,  1  halibut,  2  plaice,  3  lemon  dabs,  7 
common  dabs,  and  1  thomback.  Only  9  fishes  were  in  the  small-meshed 
net,  viz.  3  haddocks,  253,  257,  and  271mm. ;  1  common  dab,  of  159mm., 
and  5  sand-eels. 

Among  the  halibut  were  some  small  ones  which  were  brought  back  and 
measured  ;  they  ranged  from  220mm.  to  312mm.  (eight  and  three-quarter 
inches  to  twelve  and  a  quarter  inches),  and  were  7  in  number. 

The  cod  were  stated  to  be  spawning,  and  the  haddocks  far  advanced. 
The  quantity  of  the  roes  of  haddocks  and  cod  obtained  and  brought  to 
market  was  ten  and  a  half  boxes. 

According  to  the  market  statistics,  the  total  quantity  of  fish  landed 
from  this  voyage  amounted  to  391  j|  cwts.,  as  follows  : — 


Cod.    Codling.    Ling. 
lllf         84  6 


Tusk.      Saithe. 
i  16 

Dabs.  .    Skate. 


Haddock.      Halibut. 
112  lOi 

Cat-fish.     Monk. 
26  2 


I^mon  Dab. 
6 


Plaice. 
14 
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Temperature. 

1 

Time  Trawl ' 
Down. 

Fish  Cau^fht. 

PUct. 

Date. 

iDeptl) 
6         i         \n 

1 

No. 

• 

Bcmurka. 

1     S     1     §       Frat.'      .        Jg     : 

1 

No. 

thrown 

Total 
No. 

u           •?            3      .                     Q      ■      2 

Name.             ! 

taken  to 

Over- 

< 

S        S    1 

£ 

8.0 

Market; 

board. 

1904. 

1 

Burgbead 

Nov.  26. 

5  to  12    3.45    a.m. 

Cal 

8 

•  ■ 

8 

W.a.W    fen 

BitJ- 

a.m. 

(Todlintr,    .. 

7 

2 

9 

breexe;aatR 

: 

Haddock  .. 

1 

19 

19 

■               :               1 

^liiting 

•  . 

14 

14 

1 

Grev  Gurnard,    . . 
Turbot, 

.. 

7 

7 

1 

1 

7 

7    ' 

!                  '                            •        1 

■ 

Brill 

Plaice(l),..        .. 

18 
10 

18    1 

•  • 

,                  1 

M    (2)...        .. 

505 

•  • 

1 

1 

M    (3) 

528 

•  • 

' 

1133 

1133 

Lemon  Dab, 

6 

6 

■ 

Wiu-h 

1 

1 

Com.  Dab 

83 

81 

114 

Dornoeh 

1 

i 
1 

Angler, 

■  • 

4 

4 

I 

1             1 

1262 

77 

1339 

!                        ! 

1 

Plrtb. 

,.      :     . .          . .          ...  6  to     11  30  i  12.80 

C«l 

1 

>  • 

1 

Wind     W.& 

i                                    10    j  a.ni.    p.m. 

Codling 

1 

8 

9 

moderaUbrei 

1                          1 

1 

Haddock  (1), 

8.> 

•  • 

.. 

teaimooth;i 

'             '                         : 

(2),        . . 

•J5 

■  • 

•  ■ 

67 

4 

61 

■ 

1                          ! 

Whiting 

■  • 

31 

81 

. 

Plaice  (») 

67 

•  ■ 

»  • 

M    (3>.  .. 

67 

•  ■ 

•  • 
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In  the  summer  of  1902  the  Fishery  Board  instructed  me  to  carry  out 
some  experiments  in  the  culture  of  lobsters  and  crabs.  It  was  intended 
that  the  young  lobsters  hatched  out  at  the  Laboratory  should  be  liberated 
on  the  north  coast  of  Aberdeenshire,  in  the  neighbourhood  of  Fraser- 
burgh. In  order  to  obtain  a  supply  of  larvse  a  number  of  berried  hen 
lobsters  were  procured  from  Girvan  and  Dunbar  in  June  and  July. 
Eight  were  sent  from  Girvan  and  ten  from  Dunbar ;  one  was  captured  in 
the  Bay  of  Nigg.  One  of  the  Dunbar  lobsters  arrived  on  August  2nd. 
The  lobsters  were  conveyed  by  rail,  packed,  in  some  cases,  in  straw,  in 
other  cases  in  dripping  seaweed.  The  latter  method  was  much  the 
better,  the  lobsters,  after  their  eight  to  twelve  hours'  confinement,  being 
unpacked  in  a  fresh  and  lively  condition.  Some  of  those  packed  in  straw 
succumbed.  In  1904  the  stock  of  berried  lobsters  were  all  packed  in  wet 
seaweed,  and  none  died  in  transit. 

No  special  apparatus,  with  the  exception  of  two  tin  boxes,  was  made 
for  the  experiment.  A  temporary  arrangement  of  the  hatching  apparatus 
(Dannevig's),  used  for  the  eggs  of  the  plaice,  proved  successful  on  the 
whole.    The  eggs  were  already  far  advanced. 

An  attempt  was  made  to  hatch  the  eggs  detached  from  the  parent 
lobster  in  one  or  two  cases  where  the  latter  had  died  during  transport  to 
Aberdeen.  A  sheet-iron  box,  which  fitted  into  one  of  the  compartments 
of  the  hatching  apparatus,  and  which  was  arranged  with  a  perforated 
bottom  through  which  the  water  entered,  to  escape  by  the  top  of  the  box 
through  a  grating,  was  employed ;  but  a  considerable  death-rate  ensued, 
and  the  eggs  were  attacked  by  a  fungus.  None  of  the  eggs  hatched  out. 
It  was  decided  to  allow  the  eggs  to  remain  attached  to  the  parent  until 
they  hatched.  All  that  was  necessary  then  was  to  keep  the  adults  in  a 
saitable  tank  and  to  make  arrangements  whereby  the  larvae,  as  they 
hatched  out,  could  be  captured  and  removed  to  suitable  boxes  where  they 
would  be  under  control. 
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Fullarton  adopted  the  method  of  keepiug  the  berried  females  in  con- 
finement, in  an  open  pond,  until  the  eggs  hatched ;  but  in  his  experi- 
ments carried  out  in  1895  the  larvae  were  allowed  to  escape  to  the  sea  as 
they  were  hatched  In  the  present  case  the  young  lobsters  had  to  be 
retained.  The  arrangement  was  as  follows  The  berried  hens,  fourteen 
in  number,  were  kept  in  a  wooden  tank  measuring  about  8  feet  by  4  feet 
6  inches  by  2  feet  deep.  The  water  supply  entered  at  the  bottom  of 
the  box,  and  the  outflow  took  place  from  the  surface  of  the  water.  The 
overflow  water  was  led  into  the  hatchery  and  distributed  into  the  hatching 
apparatus.  As  the  little  lobsters  hatched  out  they  were  carried  down  to 
the  hatchery  and  caught  and  detained  in  the  hatching  boxes. 

In  order  that  a  large  number  comparatively  of  lobsters  be  kept  in  a 
small  area,  it  is  necessary  that  they  each  be  provided  with  a  hole  or  pen 
for  shelter.  The  wooden  tank  in  which  the  adults  were  confined 
was  prepared  in  the  following  manner.  A  plank  of  wood  about  7 
inches  wide  was  hinged  by  means  of  large  fencing  staples  to  the  side 
of  the  wooden  tank.  When  horizontal  in  position  it  was  about  4 
or  5  inches  above  the  bottom.  The  space  beneath  this  shelf  was 
divided  ofl  by  means  of  bricks  set  on  edge  into  as  many  compartments 
us  were  required ;  in  this  case  seven.  The  shelf  rested  on  the  bricks, 
and  when  the  tank  was  filled  it  was  kept  down  by  a  suitable  weight, 
some  stones  or  bricks.  One  shelf  was  put  on  each  long  side.  This 
arrangement  permitted  of  ready  examination  of  the  lobsters,  as  when 
the  superincumbent  stones  were  removed  the  shelf  floated  up,  revealing 
the  lobsters.  They  remained  there,  then,  in  apparently  suitable  con- 
ditions. Each  lobster  stuck  to  its  pen,  its  body  hid  by  the  shelf,  and  its 
projecting  antennsB  alone  betraying  its  presence.  Only  one  lobster  died 
from  injuries  received  through  fighting  with  the  other  inhabitants  of  the 
tank.     The  large  chelae  were  not  tied. 

The  young  hatched  out  in  batches.  The  eggs  of  one  female  do  not  all 
hatch  simultaneously,  but  over  a  period.  In  two  cases  recorded  by 
Herrick,  a  week  elapsed  from  the  time  the  first  larva  appeared  until  all  were 
hatched  out.  Fullarton  found  the  time  necessary  for  hatching  a  single  brood 
varied  from  a  week  to  three  weeks,  or  even  longer.  The  aeration  of  the 
eggs  attached  to  the  abdominal  feet  of  the  female  is  assured  in  the 
following  manner.  The  lobster  is  seen  every  now  and  then  with  its 
abdomen  stretched  out  to  its  full  extent  and  resting  on  the  intumed  edge 
of  the  telson.  The  swimmerets  are  meanwhile  gently  waved  backwards 
and  forwards,  in  this  way  aerating  the  eggs  and  tending  to  cleanse  them. 
When  the  eggs  are  ready  to  hatch  this  facilitates  the  escape  of  the  larvas. 
This  action  was  noticed  by  Coste.  The  hatehing  of  the  lobster  eggs  at 
Brodick,  Fullarton  states,  occurred  in  July,  August,  and  September,  with 
a  maximum  in  August. 

The  first  young  lobsters  were  observed  in  the  Laboratory,  Bay  of  Nigg, 
on  July  11th;  they  had  then  reached  the  hatching  apparatus.  They 
apparently  hatch  during  the  night,  as  each  morning  there  was  a  fresh 
addition  to  the  stock.  The  little  lobsters  were  in  the  first  zoea  stage 
(fig.  66).  They  were  kept  in  boxes  having  sieve  bottoms,  which  were 
placed  in  the  top  compartmente  of  a  hatehing  apparatus.  They  measured 
about  1  foot  by  1  foot  by  1  foot,  and  were  painted  black.  They  received 
light  from  above  only.  The  number  of  larvae  kept  in  one  box  varied, 
but  not  more  than  twenty  were  knowingly  confined  together.  They  were 
kept  in  the  top  compartments  in  order  that  they  might  obtain  a  share  of 
the  food  that  was  being  brought  in  by  the  water  supply,  e,g,  copepoda^ 
diatoms,  and  larvae  of  invertebrates.  The  water  was  not  filtered.  It  flowed 
into  the  box  by  a  spout  and  out  by  the  sieve  bottom,  the  arrangement 
which  is  followed  in  hatehing  the  eggs  of  plaice  and  cod. 
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The  lobsters,  immediately  after  being  hatched,  swam  actively  about, 
chasing  copepoda  and  any  small  white  particles  moving  in  the  water. 
The  two  species  of  copepods  most  common  in  the  water  were  determined 
by  Dr.  Scott.  A  red  copepod  was  Temera  longicoitiis ;  a  white  one  was 
Eunjtemera  affinis.    They  were  both  small. 

During  the  zoea  stages,  when  the  lobster  is  wholly  pelagic,  that  is  to 
say  before  the  pereiopods  function  as  walking  legs,  a  period  of,  roughly, 
three  weeks,  it  swims  with  its  body  bent  in  a  quadrant  shape,  having  the 
head  and  thorax  lying  horizontal,  or  inclined  slightly  downwards,  and  the 
abdomen  and  tail  directed  downwards.  If  it  spies  a  copepod  beneath  it 
swims  directly  down  for  it  in  a  circling,  sort  of  corkscrew  path,  and 
follows  up  its  prospective  victim,  when  it  escapes  with  a  smart  dart  off 
for  a  distance  of  an  inch  or  two.  The  pursuit  may  last  for  a  little  time, 
and  now  and  then  the  lobster  catches  and  devours  the  copepod.  When 
the  copepods  are  swimming  above  them  they  also  detect  them  and  swim 
directly  for  them.  They  also  notice  them  when  in  front  of  them  and  on 
the  same  level.  The  copepods  are  to  be  seen  on  the  side  of  the  box,  and 
the  young  lobsters  go  poking  about  the  side  after  them. 

The  larval  lobster,  when  undisturbed,  swims  forward  at  a  uniform 
speed  by  means  of  the  exopodites  of  the  pereiopods,  turning  sharply  to  this 
side  or  to  that  to  seize  any  object  that  attracts  its  attention,  and  which  it 
will  pursue  till  it  loses  sight  of  it  or  has  its  attention  distracted  by  another 
form.  When  surprised  it  jerks  backward  by  means  of  its  abdomen  and 
telson. 

The  young  lobsters  were  usually  close  to  the  surface  of  the  wat^r.  No 
food  was  provided  regularly  for  them,  except  what  was  brought  in  with 
the  water  supply.  On  a  few  occasions  a  little  of  the  liver  of  the  crab 
{Cancer  pagurus)  was  supplied  them.  They  pursued  the  little  white 
portions  as  they  fell  through  the  water,  usually  catching  them  before  they 
reached  the  bottom.  They  ate  up  the  live  zoece  of  Cancer  pagurus  when 
these  were  poured  into  the  box. 

While  the  lobster  in  the  zoea  stages  no  doubt  eats  dead  organisms,  as 
Cunningham  relates,  it  is  much  more  active  in  the  pursuit  of  living 
animals.  It  follows,  from  the  fact  of  its  pelagic  existence,  that  it  must 
feed  on  living  forms. 

The  lobsters  were  kept  for  varying  periods.  When  set  free  they  were 
mostly  in  the  second  and  third  stages  ;  some  wore  in  the  first  stage.  A 
few  were  reared  to  the  megalops  stage  on  the  food  in  the  water  supply. 
The  total  number  set  free  was  about  3000.  They  were  distributed  as 
follows : — 

August  6,  1902. — 1000  larvsc  set  free  a  little  over  1  mile  north  of 
Fraserburgh. 

August  7,  1902. — 1000  larvae  set  free  about  ^  mile  off  Caimbulg 
August  19,  1902, — 1000  larvae  set  free  about  ^  mile  off  St.  Comls. 

The  fry  were  tsonveyed  in  large  glass  (sulphuric  acid)  car'boys  by  rait 
to  Fraserburgh.  All  the  lobster  fry  (1000)  were  on  each  occasion  stowed 
in  one  carboy.  The  number  of  fry  in  the  first  consignment  was  counted, 
and  from  that  datum  the  numbers  in  the  subsequent  lots  were  deduced. 

No  special  cooling  preparations  were  found  to  be  necessary  for  the 
journey.  Experiments  were  made  to  test  the  effect  of  a  possible  rise  in 
the  temperature  of  the  water  during  the  transportation.  The  temperature 
of  the  sea- water  in  the  hatchery  was  12*5**  (3.  A  few  lobster  fry  were 
put  into  a  jar  containing  half-a-gallon  (=1  litre)  of  water.  The  jar 
was  heated  slowly  until  the  water  reached  a  temperature  of  20**  C ;  it 
was  then  allowed  to  cool.  Next  day  the  lobsters  were,  with  two 
exceptions,  all  lively ;  two  had  succumbed. 
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For  the  journey  to  Fraserburgh  the  larvae  were  packed  at  3.15  p.m., 
and  were  set  free  at  7.15  p.m.,  at  which  time  they  were  all  quite  lively. 

The  vitality  of  the  young  lobster  under  certain  conditions  is  remark- 
able. Herrick  kept  them  alive  in  small  flat  dishes,  without  change  of  the 
water,  from  one  to  four  days  at  a  time,  or  until  they  moulted  to  the 
second  stage.  A  case  in  point  occurred  at  the  Laboratory.  After  one  of 
the  journeys  to  Fraserburgh  a  few  larvae  had  been  left  in  the  dregs  of 
water  in  one  of  the  carboys.  They  were  discovered  10  days  later,  and 
were  then  alive  and  active.  Two  small  crabs  {Oarctnus  nuenaa)  were 
kept  for  a  week  in  a  little  glass  cell  without  change  of  water,  and 
apparently  suffered  no  ill-effects. 

There  was  a  considerable  mortality  among  the  larval  lobsters  when  in 
the  hatchery.  As  has  been  so  often  noted,  a  proportion  of  the  deaths 
occurred  during  moulting.  The  dead  lobsters  were  sometimes  partly 
eaten.  No  case  was  seen  of  one  zoea  attacking  and  killing  another,  such 
as  Herrick  witnessed.  A  case  of  cannibalism  was  noticed  in  the 
megalops  stage.  One  megalops  was  seen  eating  the  tail  of  another  which 
was  still  alive.  The  telson  and  part  of  the  abdomen  had  been  eaten  off 
when  discovered.  A  cause  of  considerable  mortality  is  probably  starva- 
tion.    It  is  difficult  to  supply  suitable  and  sufficient  food. 

All  the  lobster  eggs  were  hatched  out  by  September  10,  1902. 

Thb  Rbabinq  of  Lobsters. 

There  are  two  well-marked  stages  in  the  life  of  the  lobster  fry :  these 
are  (1)  the  first  swimming  stage,  when  just  hatched  (fig.  66,  pi.  iv.), 
and  (2)  the  stage  when  it  for  the  first  time  takes  on  the  form,  and,  to  a 
certain  extent,  also  the  habits,  of  the  adult  (fig.  72,  pi.  iv.).  The  former 
is  the  first  zoea  stage,  the  latter  is  the  megalops  stage.  Previous  to  the 
first  zoea  stage  there  is  the  protozoea,  a  stage  of  short  duratioiL  The 
lobster  has  been  described  as  issuing  from  the  egg  as  a  protozoea.  This 
condition  was  not  observed  by  the  writer.  It  moults  very  soon  after^ 
and  becomes  a  zoea  of  the  first  stage.  R  Q.  Couch  was  the  first  to 
figure  and  describe  the  protozoea.  He  wrote  as  follows : — "  Several  of 
the  ripest  bunches  of  ova  were  taken  off,  and  by  gentle  agitation  many 
of  the  young  escaped  and  swam  about  very  freely,  like  those  of  the 
common  crab,  and  some  were  artificially  extracted  to  leave  no  doubt  to 
rest  on  their  parentage.  Their  bodies  are  large,  stout,  and  of  a  deep  blue 
colour,  while  the  other  parts  are  semi-transparent  and  dotted  with  red. 
The  eyes  are  large,  sessile,  situated  on  a  festoon  at  the  lower  and  anterior 
margin  of  the  dorsal  shield,  and  marked  at  the  circumference  with  radia- 
ting lines.  The  interior  margin  of  the  shield  is  waved,  and  irregularly 
prominent;  the  posterior  and  lateral  surfaces  are  more  remarkably  so, 
and  are  rougb,  with  minute  papillary  eminences ;  and  the  lower  margin  is 
marked  with  seven  minute  plaited  folds,  beneath  the  five  central  ones 
are  situated  five  claws  on  either  side.  They  are  jointed  as  in  the  adult, 
and  the  anterior  pair  are  shorter  and  stouter  than  the  others,  and  ter- 
minate in  a  pair  of  nippers.  The  tail  is  longer  than  the  diameter  of  the 
body,  is  extended  and  composed  of  five  annulations.  The  termination  is 
forked,  but  the  fork  is  composed  of  two  fiat  fan-like  expansions  separated 
by  a  fissure  which  extends  nearly  as  high  up  as  their  articulation.'* 

Saville  Kent  and  Fullarton  also  give  drawings  and  descriptions  of  this 
stage. 

The  megalops  stage  is  one  in  which  the  lobster  in  its  habits  resembles 
more  a  prawn  (Palcemon),  as  Saville  Kent  pointed  out  The  interval 
which  exists  between  the  first  zoea  and  the  megalops  has  been  filled  in 
by  a  varying  number  of  stages.     Herrick,  for    the   American  lobster, 
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makes  the  period  one  of  three  zoSa  stages,  and  between  hatching  and  the 
arrival  of  the  young  at  the  megalops  condition  there  elapses  from  eight 
to  eighteen  days.  Saville  Kent  said  that  the  European  lobster  reached 
the  megalops  stage  at  about  the  sixth  caBt,  i.e,  five  stages  precede  it,  viz. 
the  protozoea  and  four  zoea  stages.  A  month  or  six  weeks  are  occupied 
in  arriving  at  the  stage  beyond  the  megalops,  which  I  have  denominated 
the  first  young  stage.  My  own  observations  lead  to  the  conclusion  that 
the  period  just  mentioned  will  very  rarely  be  exceeded ;  it  is  probably  often 
as  short  as  one  month.  Certain  larvae  which  were  in  the  zoea  condition 
in  October  and  November  remained  for  five  weeks  in  one  stage,  however. 

Sars  illustrates  three  zoea  stages.  Chadwick  has  published  a  descrip- 
tion of  the  protozoea,  three  zoea  stages,  megalops,  and  first  young  stages. 
The  time  occupied  by  each  stage,  with  the  exception  of  the  protozoc^  is 
given  as  a  week. 

Rathke  says  the  maxillipedes  and  pereiopods  have  a  general  resem- 
blance to  the  legs  of  schizopods,  viz.,  Mysis,  but  the  resemblance  is 
lost  in  the  fifth  pereiopod.  In  the  denomination  of  the  larval  lobsters 
it  has  been  customary,  therefore,  to  refer  to  the  early  pelagic  stage  as 
the  *'  mysis  "  stage.  This  is  due  to  the  fact  that  its  pereiopods  resemble 
those  of  Mysis,  in  having  setae-bearing  exopodites.  But  this  is  an  onto- 
genetic, not  a  phylogenetic,  character,  as  the  name  is  apt  to  imply.  The 
main  swimming  organ  of  a  zoea  is  the  exopodite,  and  the  number  of 
setose  exopodites  is  directly  proportional  to  the  size  of  the  larva.  The 
little  elongated  zoea  of  the  shrimp  (Orangon  vulgaris)  has  three  pairs  of 
exopodites  in  its  first  stage,  but  its  increase  in  bulk  in  the  third  zoea 
stage  demands  additional  swimming  power,  and  a  fourth  pair  of  exopodites 
appear,  viz.  attached  to  the  rudimentary  first  pereiopod.*  In  this  case 
the  exopodite  is  developed,  and  becomes  functional  in  the  third  zoea  stage, 
whereas  the  chela  becomes  functional  for  the  first  time  on  the  megalops 
stage,  i.e.  the  sixth  larval  stage.  The  exopodite  of  the  chela  at  the  same 
time  vanishes,  while  the  other  exopodites,  those  of  the  maxillipedes,  are 
re<]uced  and  function  no  longer  for  swimming.  In  the  case  of  the 
lobster  larva  wo  have  to  deal  with  a  large  form,  which  requires  a 
powerful  swimming  organ.  That  is  secured  by  the  development  of 
the  exopodites  on  the  pereiopods,  but  with  this  difi^erence  from  the 
shrimp,  that  the  pereiopods  themselves  are  also  functionally  developed 
— in  the  form  of  maxillipedes.  The  zoea  of  the  lobster  is  provided, 
then,  with  eight  maxillipedes,  each  of  which  has  a  setose  exopodite. 
On  the  arrival  of  this  form  at  the  megalops  stage  the  latter  disappear  or 
are  so  reduced  that  they  are  no  longer  swimming  organs.  The  quadrant 
shape  in  which  the  body  of  the  zo^  is  bent,  by  concentrating  the 
weight  of  the  animal,  has  a  direct  relation  to  its  propelling  organs.  The 
tiny  zoea  of  Carcinus  mcenas  has  only  two  pairs  of  exopodites.  It  is  bent 
in  an  arc ;  thereby  the  weight  is  concentrated. 

There,  appears,  then  to  be  no  valid  reason  for  departing  from  the  term 
"  zoea ''  for  this  period  of  the  life  of  the  lobster.  And  the  term  ''  mega- 
lops ''  is  an  appropriate  name  for  the  stage  which  is  analogous  as  well  as 
homologous  to  the  megalops  of  the  Brachyura.  It  is  a  transition  stage 
between  the  zoea  and  the  adult. 

In  this  country  the  rearing  of  lobsters  has  been  carried  out  by  Saville 
Kent,  Cunningham,  Weldon,  Fowler,  and  Chadwick.  On  the  Continent 
Captain  Dannevig  has  done  the  most  extensive  work  in  this  subject ; 
lately  Appell6f  has  carried  on  rearing  experiments. 

Many  difficulties  meet  the  experimenter  in  lobster-culture.  Questions 
of  the  food,  of  the  cannibalism  of  the  larvie,  and  of  the  mortality  which 

•  Vide  WilliftDMon. 
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occurs  during  moulting  all  arise.  Saville  Kent  kept  the  little  lobsters  in 
jars  and  fed  them  with  a  little  minced  fish ;  the  water  was  chianged 
every  day.  Receptacles  on  the  intermittent  syphon  system  were,  he 
considered,  especially  well  suited  for  lobster-rearing.  Weldon  and 
Fowler  used  for  the  food  of  the  larfse  the  yolk  of  a  hard-boiled  egg, 
crushed  crab  (Carcinvs  mcenaSy  Partunus  depurcUor),  boiled  liver,  the 
contents  of  the  tow  net  (at  that  period  chiefly  NodUuca  and 
copepoda),  and  live  shrimp  larvss;  they  were  all  partially,  none  abso- 
lutely, successful.  Cunningham  usually  fed  the  larvss  with  particles 
obtained  by  crushing  and  pounding  common  shore-crabs,  but  he  made 
special  and  careful  trials  of  live  food.  Living  minute  animals 
caught  in  the  sea  in  the  tow-net  were  introduced,  but  none  of  the 
larva3  were  seen  to  try  to  catuh  them.  The  fish  larvte  and  the  larvn 
of  a  shrimp  were  not  attacked.  But  the  fish  larvae  and  little  shrimps,  if 
killed  before  being  put  into  the  jar,  were  immediately  seized.  He 
concluded  that  the  young  lobsters  are  naturally  carrion  feeders,  devourers 
of  dead  food,  although  inclined  to  cannibalism. 

Mead  found  that  the  fry  fed  upon  all  sorts  of  minute  organisms  (cope- 
pods,  diatoms,  etc.),  and  readily  ate  some  kinds  of  flesh  if  it  was  chopped 
into  fine  pieces  and  kept  suspended  in  the  water,  where  they  came  in  con- 
tact with  it.  The  best  food  was  the  soft  parts  of  clams  (Mya  arenaria.) 
Chad  wick  fed  the  lobster  fry  *'  daily  upon  the  finely-mioced  liver  of  the 
shore-crab  {Carcinus  jncenas),  and  the  edible  crab  {Cancer  pagurtL8\  and 
for  a  time  they  appeared  to  thrive  on  it,  but  at  the  time  of  the  ecdyses 
or  shell-castings  many  died,  and  comparatively  few  reached  the  '  lobster- 
ling  '  [megalops]  stage.'' 

Appellof  reared  the  young  lobster  over  the  larval  stages  till  the  age,  in 
one  case,  of  seven  months.  A  great  mortality  occurred  owing  to  the 
inability  of  the  larvse  to  get  rid  of  the  integument  when  moulting. 
According  to  this  zoologist,  as  soon  as  the  third  casting  has  passed,  and 
it  has  reached  the  fourth  stage  [megalops],  it  swims,  but  soon  goes  to 
the  bottom,  and  behaves  like  an  adult.  In  the  fifth  stage  the  swimming 
power  goes ;  they  are  then  very  sedentary. 

Herrick  describes  a  variety  of  food  which  he  found  in  the  stomachs  of 
lobster  larv«,  viz.  (1)  diatoms  in  abundance,  chiefly  Navicula  and  the 
long  tangled  ribbons  of  Tahellaria ;  (2)  remains  of  Crustacea,  probably 
parts  of  young  lobsters ;  (3)  bacteria  in  large  numbers ;  (4)  cotton  and 
linen  fibres^  and  parts  of  algae.  "  The  food  of  the  larval  lobster  must 
necessarily  consist,  for  the  most  part,  of  minute  pelagic  organisms,  such 
as  copepods  and  crustacean  larvae.  When  watched  in  confinement  they 
may  now  and  then  be  seen  giving  chase  to  copepods,  often  without  success. 
The  young  lobster,  however,  shows  little  discrimination  in  its  food.  It 
seems  to  snap  up  almost  any  moving  object,  living  or  dead,  which  it  is  able 
to  seize  and  swallow."  Herrick  has  stated  that  one  difficulty  arises  in 
raising  the  young  of  the  lobster  in  close  quarters,  from  the  fact  that  the 
young  invariably  preferred  to  feed  on  one  another.  The  death-rate  was, 
however,  he  considers,  due  in  part  to  other  causes.  In  this  connection, 
an  extract  from  the  Bulletin  of  the  U.S.  Fish  Commission^  vol.  xvii., 
1897,  p.  135,  is  interesting: — '*  During  the  spring  and  summer  particular 
attention  was  paid  to  the  food,  habits,  and  growth  of  the  young  lobster, 
and  much  valuable  information  was  obtained  at  Wood's  Hole,  where 
extensive  experiments  were  conducted  on  the  holding  of  fry  during  the 
larval  stages.  The  experiments  indicate  that,  under  natural  conditions, 
the  young  lobster  is  much  less  a  cannibal  than  has  been  believed,  eating 
his  fellows  only  when  natural  food  is  not  available." 
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The  zoesB  are  beautifully  coloured  in  two  preduminaiit  tints.  Qn  the 
dorsum,  in  the  gastric  region,  the  double  luminous  blue  spot  is  con- 
spicuous. Then  generally  all  over  they  are  pigmented  blue  on  the  dorsum 
of  the  thorax  and  abdomen,  and  yellow  or  red  on  the  sides.  Certain 
zoese,  which  to  the  naked  eye  have  a  slight  bluish  colouration,  are  seen, 
on  examination  with  transmitted  light,  to  have  a  great  quantity  of  yellow 
pigment  all  over  the  body,  the  carapace,  abdomen,  and  limbs,  with  the 
dorsum  of  the  thorax  and  of  the  abdomen  blue.  Others  are  to  the  naked 
eye  brilliantly  coloured  with  dark  red,  which  is  seen  by  means  of  the 
microscope  to  be  distributed  similarly  to  the  yellow  in  the  zoeae  just 
described.  There  are  different  shades  of  yellow :  some  lighter,  others 
darker.  Occasionally  the  colouration  shows  to  the  naked  eye  a  mixture 
of  red  with  bluish  purple.  In  1904  most  of  the  lobster  zoese  were  red, 
bat  others  were  green,  showing  no  red  to  the  naked  eye.  Some  were  of 
a  very  pale  green. 

The  young  lobster,  while  it  is  still  a  zoea,  is,  from  its  pelagic  existence 
during  a  period  of  at  least  three  weeks,  exposed  to  many  dangers.  Its 
helpless  condition,  combined  with  its  fairly  largo  size,  and  conspicuous 
colouration,  will,  no  doubt,  result  in  its  extensive  destruction.  Its  life 
near  the  surface  of  the  water  will,  however,  give  it,  on  t)ie  whole,  probably 
a  better  chance  of  escape  from  small  fishes  than  if  it  were  swimming 
close  to  the  bottom. 

While  it  is  a  zoea  the  lobster  swims  with  its  head  bent  downwards, 
and  it  attacks  the  food  usually  from  above.  It  sees  a  white  piece  of  the 
liver  of  the  crab  {Cancer  pagurus)  falling  a  good  bit  below  it,  and  swims 
down  in  a  spiral  till  it  reaches  it.  It,  however,  chases  copepods  on  a  level 
with  it,  and  also  below  it.  When  it  is  about  to  cast  it  seeks  the  bottom 
of  the  box.  Some  which  were  put  into  a  glass  tank  kept  boring  away 
at  the  bottom  in  an  endeavour  to  get  down  out  of  the  strong  light 
apparently. 

The  keen  sight  of  the  zoea  is  a  remarkable  contrast  to  the  purblind 
condition  of  the  adult  lobster. 

In  the  megalops  stage  the  young  lobster  for  the  first  time  crawls.  It 
also  swims,  but  now  it  swims  forwards  by  means  of  its  pleopods,  with 
the  two  long  chelse  held  extended  straight  in  front,  in  this  way  protecting 
its  rostrum  from  any  rude  shock  which  collision  with  an  object  might 
produca  It  also  swims  and  floats  in  a  manner  similar  to  that  known  as 
**  treading  water,''  when  it  tries  to  grasp  anything  near  the  surface,  and 
it  turns  round  on  its  long  axis  after  copepods  at  the  surface  of  the  water. 
It  can  also  dart  backwards  by  means  of  a  rapid  stroke  of  its  telson,  after 
the  manner  of  the  adult,  but  this  in  both  stages  usually  follows  surprise, 
and  is  adopted  for  escape.  It  sinks  whenever  it  ceases  using  its  swim- 
merets  or  telson.  The  megalops  swims  more  than  the  later  stages.  It 
seems  to  support  itself  more  easily  in  the  water  than  they  do.  Its 
method  of  swimming  is  by  means  of  its  pleopods,  that  of  a  Grangon  or 
Palcemon. 

In  this  stage  the  antennae  are  short,  and  their  length  seems  to  vary  a 
little  in  different  individuals.  Certain  megalopa  have  antennae  which 
reach  just  in  front  of  the  tip  of  the  chela  when  it  is  stretched  straight 
out  alongside  the  rostrum.  Others  have  much  shorter  antennae.  The 
setose  exopodites  are  only  present  in  some  of  the  examples  of  this  stage. 

The  megalops  is  the  homologue  of  the  sixth  stage  of  Crangon  vulgaris, 
in  that  it  has  practically  the  adult  characters,  save  for  its  very  short 
^ntennie.     It  crawls  about  on  the  bottom  of  the  box,  and  resists  any  wave 
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motion  of  the  water  which  would  tend  to  float  it  away.  It  clings  with 
all  its  pereiopods  to  the  silk  cloth  of  the  bottom  until  the  wave  motion 
ceases,  when  it  starts  crawling  again.  Immediately  the  box  is  agitated, 
again  it  halts  and  holds  on. 

In  its  ability  to  notice  particles  of  food,  the  megalops  appears  to  be  as 
keen-sighted  as  the  zoea.  Mead  contrasts  the  habits  of  the  soea  and 
megalops. 

The  next,  that  is  the  first  young  stage,  swims  about  after  copepods,  and 
is  to  be  seen  swimming  forward  with  the  two  chelae  extended  together 
straight  in  front.  The  antennn  of  this  stage  are  longer  than  in  the 
megalops,  and  the  following  stage  has  still  longer  antennas. 

The  stages  subsequent  to  the  megalops  are  even  more  difficult  to 
dislodge  from  the  corner  of  the  box.  They  cling  tenaciously  to  the 
bottom  (silk  gauze)  until  the  water  is  withdrawn  and  they  are  left 
stranded.  Then  they  loose  their  hold  to  follow  up  the  water.  This  fact 
probably  accounts  for  these  stages  never  being  met  with  in  the  tow-net. 
They  are  really  bottom  forms,  and  in  shallow  water  would  require  to  be 
able  to  stick  well  to  stones  or  in  crevices  to  prevent  their  being  washed 
away. 

A  young  form  will  sometimes  swim  round  the  edge  of  the  box  with  the 
off  antenna  stretched  out  in  front  and  the  near  one  thrown  back  along 
the  body. 

Appellof  remarks  regarding  the  first  young  stage  that  they  hide  in  dark 
comers  or  under  stones.  They  are  then  very  stationary.  He  draws 
attention  to  the  great  caution  shown  by  the  young  lobster,  and  considers 
that,  in  consequence  of  that  trait,  a  relatively  large  percentage  of  them 
should  survive. 

On  the  approach  of  winter  the  little  lobsters  in  the  Laboratory  became 
very  sluggish.  In  November  and  December  1902  they  were  rarely  seen, 
except  when  the  boxes  were  lifted.  They  stuck  to  the  darkest  comer  of 
the  box,  and  did  not  move  about  so  much  as  they  did  earlier  in  the  year. 
During  these  months  there  were  hardly  any  copepods  in  the  water  supply, 
and  this  may  have  had  something  to  do  with  their  sluggishness.  The 
increasing  cold  was,  however,  doubtless  the  main  predisposing  cause  of 
their  inactivity. 

One  of  the  most  noticeable  features  that  accompanies  the  transition  from 
the  zoea  to  the  megalops  is  the  sudden  change  in  the  character  of  the 
animal.  The  zoea  swims  about  in  an  aimless  way,  except  for  the 
moments  when  it  pursues  a  copepod.  It  paddles  persistently,  and  when 
it  strikes  against  the  side  of  the  box  it  jerks  away  quickly.  It  is  not 
disturbed  by  noticing  anything ;  all  it  appears  to  see  is  the  little  particles 
of  food.  It  evidently  sees  short  distances  only.  The  main  point  is  its 
indifference  to  possible  danger ;  it  does  not  attempt  in  any  way  to  conceal 
itself.  In  the  zoea  stage  the  lobster  had  no  fear  or  premonition ;  in  the 
megalops,  it  assumes  with  the  adult  garb  the  haunting  fear  of  attack, 
which  leads  it  to  hide  itself  in  some  protecting  crevice.  It  comes  to 
rest  in  the  darkest  corner  of  the  box,  and  while  swimming  about  is 
always  on  the  alert  for  a  possible  foe.  For  everything,  food  and  pro- 
tection, it  has  to  be  completely  self-dependent.  The  desire  to  hide 
appeared  with  the  necessity.  The  bottom  life  is,  without  doubt,  a 
dangerous  one,  possibly  more  so  than  the  pelagic  existence  it  had  just 
passed  through.  Its  eye  still  enables  it  to  pick  up  copepods ;  it  is  large, 
as  in  all  the  early  stages  of  decopod  Crustacea.  It  no  longer  swims 
aimlessly  about,  but  simply  occasionally  on  a  foraging  expedition. 

All  the  larvsB  ate  crab's  liver,  and  hunt  it  by  sight  as  it  falls.  And  in 
the  case  of  the  megalops,  when  a  little  crabs'  liver  was  introduced  into  the 
box,  the  lobeter  became  very  excited  and  rashed  hither  and  thither. 
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following  the  scent  dispersed  by  the  current  of  water  flowing  through  the 
box. 

One  little  lobster  took  up  its  abode  for  a  day  or  two  in  a  Purpura 
shell  which  lay  on  the  sand  that  covered  the  bottom  of  the  aquarium, 
but  when  it  attracted  attention,  it  had  excavated  in  the  sand  a  hole 
below  the  shell,  and  in  it  it  lay.  The  hole  was  deep  to  the  front,  and 
was  a  neat  fit.  The  lobster  pushed  out  a  quantity  of  sand,  two  armsfull, 
in  front  of  it,  and  removed  larger  grains  of  sand  and  a  little  piece  of 
debris  with  its  maxillipedes.  When  returning  from  a  promenade  round 
its  prison  it  carefully  tested  its  lair  before  it  backed  into  it.  It  was  alone 
in  the  aquarium.  Now  this  lobster  did  not  imitate  an  adult  or  any  other 
young  lobster  in  taking  up  its  abode  in  the  shell,  or  in  digging  a  cave  in 
the  sand.  When  food  was  tumbled  in  it  seemed  to  resent  its  approach. 
It  appeared  to  be  attracted  by  the  scent  at  first,  and  then  it  put  some  fresh 
mussel  that  tuipbled  into  its  cavity  out  of  the  hole,  while  some  mussel 
that  was  apparently  old  was  left  in.  It  was  noticed  that  the  mussel  stuck 
to  the  pereiopods. 

Another  little  lobster,  in  its  wandering  about  among  the  sand  and  mud, 
got  its  pereiopods  and  maxillipedes  covered  with  ^e  debrb  which,  no 
doubt,  consisted,  in  considerable  part,  of  diatoms.  It  was  observed  to 
pick  ofi  the  debris  and  put  it  into  its  mouth.  Sometimes  the  mud  in 
the  aquarium  was  all  punctuated  as  if  it  had  been  probed  all  over  with 
the  legs  of  the  lobster. 

Thb  Larval  Staqbs. 

In  the  lobster  the  zoea  is  a  much  more  specialised  organism  than  in 
certain  of  the  other  decapod  Crustacea,  e.g.  Crangon  and  Careinua,  One 
important  respect  in  which  the  former  differs  from  the  two  latter  is  in 
the  possession  of  functional  gills.  The  presence  of  the  gills  determines 
the  form  of  the  appendages  concerned  in  the  respiratory  function,  viz. 
the  second  maxilla,  and  the  maxillipedes  which  are  employed  in  securing 
a  circulation  of  water  through  the  branchial  chamber.  The  gills  and 
their  arrangement  being  very  nearly  similar  to  the  condition  in  the 
adult,  it  follows  that  the  function  of  the  appendages  is  that  which  they 
perform  in  the  adult,  and  their  form  is  therefore  practically  that  of  the 
adult.  In  Crangon  and  Carcinus  the  maxillipedes  have  no  respiratory 
function  to  perform  in  the  zoea ;  they  and  the  second  maxilla  are  in  form 
quite  dissimilar  from  the  adult  condition.  The  adult  form  of  these 
appendages  are  similar  but  not  identical  in  the  lobster  and  Crangon, 

The  stages  which  will  now  be  described  have  not  been  determined  by 
following  a  lobster  in  its  successive  moults.  They  have  been  dis- 
criminated from  the  general  collection  of  larvae  which  were  developing 
in  the  hatchery.  In  the  case  of  the  higher  stages,  e,g,  last  zoea  stage, 
megalops,  first  and  second  young  stages,  the  casts  connecting  adjacent 
stages  were  observed. 

During  the  research  it  was  found  necessary  to  redissect  this  form 
which  has  already  been  treated  by  Sars  and  others,  while  the  American 
species  has  been  worked  out  by  Smith  and  Herrick  in  elaborate  detail,  and 
profusion  of  drawings. 

The  drawing  in  the  present  case  represents  the  condition  found  in  the 
appendage  examined.  The  opportunity  did  not  occur  to  dissect  several 
zoesB  of  the  same  stage  with  a  view  to  determine  the  variation  in  each 
limb,  and  from  that  to  fix  the  normal  condition.  When  a  comparison 
has  been  instituted  between  the  limbs  of  different  zoete,  variation  in  the 
hair  arrangement,  and  in  the  nature  of  the  hairs  themselves,  has  been 
noted. 
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lu  the  sketch  the  exact  number  and  arrangement  of  the  hair%  &c, 
has  been  attempted,  except  in  the  case  of  figs.  7  and  16,  and  the  draw- 
ings of  the  protopodite  joints.  The  exact  number  of  setae  is  not  introduced 
on  the  exopodites,  pleopods,  uropods,  or,  in  certain  cases,  on  the  telson. 
In  the  drawings  of  the  complete  larva  the  pereiopods  are  represented 
semi  (liagrammatically. 


The  Appbndaqbs  of  the  First  Zoba. 

The  appendages  present  in  the  first  zoea  stage  are — (1)  the  Eyes ;  (2) 
Antennules ;  (3)  Antennae ;  (4)  Mandibles ;  (5)  First  Maxillae ;  (6)  Second 
Maxillae;  (7)  First  Maxillipedes;  (8)  Second  Maxillipedes ;  (9)  Third 
Maxillipedes ;  (10)  First  Pereiopods ;  (11)  Second  Pereiopods ;  (12)  Third 
Pereiopods  ;  (13)  Fourth  Pereiopods ;  (14)  Fifth  Pereiopods.  It  possesses 
all  the  cephalic  and  thoracic  appendages  which  the  adult  has.  The 
telson  is  triangular.     The  pleopods  and  uropods  are  not  yet  developer). 

A  detailed  description  is  not  necessary ;  in  addition  to  the  drawing  of 
each  appendage,  short  notes  will  be  merely  added  here. 

Eye,  0.,  fig.  4,  pi.  i. 

The  eye  is  large,  and  has  a  very  short  stalk. 

Antbnnulb,  a.,  fig.  2,  ih. 

The  antennule  is  crowned  with  three  aesthetascs,  one  of  which  is 
specially  large,  and  two  hairs.  A  minute  hair  was  found  at  the  base  of 
the  aesthetascs  on  the  antennule  of  one  side,  but  not  on  that  of  the  other 
side.  A  little  short  of  the  end  of  the  antennule  there  is  a  little  tubercle 
surmounted  by  a  short  plumose  hair.  In  Sars'  drawing  of  the  appendage 
the  plumose  hair  is  shown  larger  than  in  the  form  here  describe. 
Herrick'^  drawing  of  the  antennule  of  the  first  stage  of  the  American 
lobster  shows  a  more  differentiated  appendage. 

Antenna,  A.,  figs.  1  and  24,  ih. 

The  endopodite  or  flagellum  (fig.  24)  is  two-jointed.  It  bears  on  its 
extremity  four  plumose  setae.  The  antenna  represented  by  Herrick  has 
a  segmented  or  annulated  endopodite. 

The  scale  of  one  side  had  23  setae ;  that  of  the  other  side  had  25 

setae. 

Mandible,  Mn.^  figs.  5,  6  and  18,  ih. 

The  apparent  joint  in  the  mandible  (fig.  5)  above  the  origin  of  the 
palp  seems  to  be  simply  the  edge  of  its  jointing  with  the  cephalon. 

The  two  hairs  on  the  palp  (fig.  18)  have  their  distal  halves  finely 
serrated. 

An  enlarged  drawing  of  the  cutting  edge  of  the  mandible  is  shown  in 
fig.  6. 

First  Maxilla,  \in.,  fig.  27,  ih. 

On  the  lower  lobe  the  group  of  four  hairs  which  have  been,  for  con- 
venience, repres^^nted  as  pointed  downwards,  should  be  directed  upwards. 
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Second  Maxilla,  2m.,  fig.  9,  ib. 

The  second  maxilla  is  really  a  maxillipede ;  it  forms  with  the  maxilli 
pedes  a  series  of  appendages  which,  in  addition  to  subserving  a  feeding 
function,  also  share  the  mechanical  part  of  the  respiratory  process.     This 
is  performed  by  means  of  the  epipodites. 

The  epipodite  of  the  second  maxilla  is  the  lower  half  of  the  scaphog- 
nathite,  while  the  exopodite  is  represented  by  the  upper  half. 

The  division  of  the  second  maxilla  into  joints  is  difficult  to  follow. 
My  interpretation  of  the  arrangement  is  as  follows:  (I)  a  basal  joint; 
(2)  immediately  above  that  a  bi-lobed  joint;  (I)  and  (2)  form  the 
protopodite.  Above  No.  2  there  is  a  three-lobed  joint,  the  endopodite. 
The  scaphognathite,  which  seems  to  be  divided  at  its  middle  into  two 
joints,  represents  in  its  top  half  the  exopodite,  and  in  its  lower  half  the 
epipodite. 

There  are  81  plumose  setse  on  the  margin  of  the  scaphognathite,  and 
four  small  hairs  on  the  surface. 

On  the  elongated  top  lobe  of  the  endopodite  the  long  hairs  are 
sparsely  plumose ;  they  are  stiff  spine-like  hairs,  with  short,  stiff  cilia 
given  off  in  pairs.     The  tips  of  the  hairs  are  curved. 

There  are  20  hairs  on  the  second  lobe ;  they  also  have  curved 
extremities.  They  are,  with  three  sparsely  ciliated  exceptions,  plain 
hairs ;  one  hair  only  was  distinctly  serrated  on  its  distal  half. 

The  third  lobe  bears  13  hairs  on  the  margin,  and  two  on  the  under- 
surface.  They  resemble  those  on  the  second  lobe ;  only  a  few  are 
ciliated. 

On  the  fourth  lobe  there  are  stout  hairs  sparsely  furnished  with  stiff 
cilia  on  their  proximal  halves,  and  serrations  on  their  distal  halves. 

The  fifth  lobe  has  long,  stiff  plumose  bristles. 

First  Maxillipbdb,  \mp.,  figs.  7,  10,  and  23,  ib. 

The  first  maxillipede  (fig.  7)  has  a  large  first  protopodite  joint  bearing 
a  large  epipodite.  The  upper  lobe  of  the  epipodite  appears  to  be  seg- 
mented off.  The  second  protopodite  joint  is  a  flattened  lobe  bearing  a 
large  number  of  serrated  spines  on  its  margin  (fig.  23). 

The  endopodite  is  two-jointed  (fig.  10),  and  bears  several  long  sparsely 
plumose  bristles. 

Sbcond  Maxillipede,  2mp.,  figs.  29,  14,  and  19. 

From  the  first  protopodite  joint  there  arises  two  processes,  united  at 
their  bases,  one  of  which  is  a  rudimentary  gill,  while  the  other  is  an 
epipodite  (fig.  14).  Both  are  hollow.  An  interesting  condition  was 
noticed  in  the  gill,  which  .may  or  may  not  be  constant.  The  subject  was 
not  investigated.  In  the  side  of  the  gill  there  was  a  pore  opening  into 
a  central  cavity  (fig.  14).  The  gill  is  not  segmented.  Between  the 
wall  of  this  central  cavity  and  the  outer  wall  there  is  a  space  which 
communicates  with  canals  in  the  protopodite.  The  hollow  of  the 
epipodite  communicates  with  a  canal  in  the  protopodite.  In  the  draw- 
ing the  canals  are  dotted  ;  the  basement  tissue  is  striated. 

The  exopodite  and  endopodite  arise  from  the  second  protopodite  joint 
(figs.  29  and  19). 

The  exopodite,  which  is  furnished  with  two  terminal  hairs  and  a  little 
terminal  protuberance,  has  a  long  basal  joint  and  a  long  flagellum  in- 
completely divided  by  two  septa. 
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The  endopodite  consisted  of  four  joints  ;  that  is  one  less  than  what  it 
has  later,  and  which  the  first  stage  specimen  dissected  by  Herrick  had. 
The  first  long  joint  in  the  present  case  showed  a  trace  of  division  into 
two. 

The  armature  of  the  endopodite  consists  of  serrated  thorns  resembling 
those  on  the  same  appendage  in  the  YI.  and  VII.  stages  of  Crangon.  So 
far  as  was  made  out,  they  were,  without  exception,  serrated.  The  serra- 
tions are  minute,  except  in  the  large  thorns.  In  fig.  29  the  teeth  are 
exaggerated. 

Third  Maxillipsds,  Smp.,  figs.  8  and  16. 

Two  gills  and  an  epipodite  are  attached  to  the  first  joint  of  the  pro- 
topodite.  One  of  the  gills  is  a  podobranch,  the  other  an  arthrobranch 
(fig.  16).  On  the  edge  of  the  epidodite  there  are  three  hooks,  of  which 
the  two  larger  are  anterior.     There  is  a  second  arthrobranch. 

The  exopodite  had  two  terminal  setie  and  ten  on  each  side.  The 
annalations  on  the  exopodite  appear  to  be  complete  joints. 

The  endopodite  has  five  joints.  The  spines  are,  almost  without  excep- 
tion, serrated.  Those  on  the  under-surface  (of  the  sketch)  have  two  rows 
at  least  of  large  teeth  ;  the  other  spines  have  small  serrations,  of  which 
there  are  two  rows  at  least.  The  long  terminal  spine  has  very  few  ser- 
rations. 

Pbreiopods. 

The  pereiopods  drawn  are  all  of  the  right  side. 

The  pereipod  consists  of  seven  joints,  viz.  (1)  first  protopodite  joint— 
Coxopodite ;  (2)  second  protopodite  joint — Basipodite ;  endopodite 
joints,  viz.  (3)  Ischiopodite ;  (4)  Meropodite;  (5)  Carpopodite;  (6) 
Propodite ;  (7)  Dactylopodite. 

The  setose  exopodite  arises  from  the  basipodite. 

First  Pereiopod,  Iper,,  figs.  11,  20,  and  28. 

There  are  four  gills  connected  with  this  limb — a  podobranch,  two 
arthrobranchs,  one  pleurobranch,  and  an  epipodite. 

The  endopodite  has  five  joints,  but  the  distal  limit  of  the  ischiopodite 
is  shown  by  a  line  merely  across  the  limb ;  it  is  not  a  movable  junction. 

On  the  propodite  the  spines,  almost  without  exception,  are  serrated ; 
those  on  the  same  side  as  the  dactylopodite  have  prominent  serrations, 
those  on  the  opposite  side  very  small  serrations. 

There  were  22  or  24  setfie  on  the  exopodite. 

vSecond  Pereiopod,  %er.,  figs.  22,  21,  12,  and  15. 

As  in  the  preceding,  appendage  the  first  joint  on  the  endopodite  is 
marked  by  a  line  crossing  what  would  otherwise  be  a  first  long  joint  of 
this  branch ;  giving  Eye  joints  in  alL  The  hand  has  serrated  spines ; 
those  on  one  side  having  larger  serrations  than  those  of  the  other  side. 
There  are  three  teeth  on  the  inner  edge  of  the  dactylopodite. 

There  were  24  setae  on  the  exopodite. 

Four  gills  and  an  epipodite  are  connected  with  this  limb. 

Third  Pereiopod,  Sper.,  figs.  13,  17,  25,  and  26. 

The  endopodite  is  incompletely  segmented  ;  it  has  four  joints. 
The  spines  on  the  claw  of  the  propodite  have  large  serrations. 
The  exopodite  had  24  (26)  setae. 
Attached  to  the  appendage  are  four  gills  and  an  epipodite. 
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Fourth  Pbreiopod,  5per.^  figs.  42,  52,  and  45. 

The  endopodite  shows  five  joints.  On  the  propodite  the  spines  have 
very  large  serrations  on  their  distal  halves,  and  smaller  teeth  on  .their 
proximal  halves.  On  the  other  side  the  spines  have  small  serrations. 
There  are  t%vo  kinds  of  serration  on  the  long  spine  of  the  dactylopodite. 
At  the  base  of  this  spine  there  is  a  tooth  on  the  dactylopodite. 

The  exopodite  had  24  (26)  set«e. 

Four  gills  and  one  epipodite  are  connected  with  this  limb. 

FnfTH  Perbiopod,  5p«'.,  figs.  42,  52,  and  45. 

On  the  endopodite  there  is  a  little  tooth  at  the  base  of  the  terminal 
spine. 

The  exopodite  had  22  set«e. 

One  gill,  a  pleurobranch,  is  connected  with  the  fifth  pereiopod. 

Branchi^. 

The  number  and  the  arrangement  of  the  gills  of  the  first  stage  zoea 
are  similar  to  the  condition  in  the  adult.  Two  of  the  gills,  however,  are 
here  rudimentary.  In  fig.  49,  pi.  ii.,  the  branchial  cavity  is  shown. 
The  gills  are  represented  in  the  positions  they  occupy,  but  are  shown 
much  more  slender  than  they  actually  would  appear.  They  are  packed 
close  together.  The  division  of  the  gills  into  podobranchis^,  arthro- 
branchiae,  and  pleurobranchiae  is  clearly  shown  in  the  case  of  the  majority 
of  the  gills,  but  some  there  are  which,  from  their  position,  might  be 
regarded  as  pleurobranchs.  In  the  adult,  however,  they  are  arthro- 
branchs,  and  very  probably  are  arthrobranchs  in  the  larva.  They  are 
the  gills  on  the  top  row  of  the  arthrobranchs  in  the  following  scheme. 
The  Table  exhibits  the  arrangement  of  the  gills  in  the  first  zoea  stage 
{vide  fig.  49).  The  gills  are  arranged  in  the  branchial  chamber  in  four 
rows.  The  highest  row  consists  of  four  pleurobranchs  belonging  to  the 
second  to  fourth  pereiopods.  The  next  row  consists  of  five  arthrobranchs 
which  are  connected  with  the  third  maxillipede  and  first  four  pereiopods. 
The  third  row  comprises  another  set  of  ^vq  arthrobranchs  attached  to 
the  same  appendages.  The  fourth  row  includes  six  prodobranchs,  borne 
by  the  second  and  third  maxillipedes  and  the  first  four  pereiopods.  The 
first  and  last  of  the  series  are  rudimentary  gills.  Each  of  the  above- 
mentioned  appendages,  with  the  exception  of  the  fifth  pereiopod,  has  an 
epipodite.  On  the  coxopodite  of  the  last  pereiopod  there  is  a  small  process 
which  may  represent  the  epipodite. 

Herrick  says  that  in  the  American  lobster  there  is  no  rudimentary  gill 
attached  to  the  second  maxillipede. 

In  Fig.  49  the  following  letters  are  used : — pL-br.^  Pleui*obraneh ; 
ar.'hr.,  Arthrobranoh  ;  pd.-br.,  Podobranch. 
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BrandhiiH  of  First  Zoea  Stage. 
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Ep. 

Ep. 

Ep. 

Ep. 

Appendage. 

5  per. 

4  per. 

3  per. 

2  per. 

1  per. 

3  mp. 

2  mp. 

Abdomen. 

On  the  dorsum  of  the  abdomen  there  are  three  single  spines  and  a  pair 
of  hooks.  The  spines  arise  from  the  third,  fourth,  and  fifth  abdominal 
segments,  and  the  pair  of  hooks  are  situated  on  the  hind  border  of  the 
sixth  segment.  In  the  larva  of  the  American  lobster  there  is  a  small 
hook  on  the  second  segment  also. 

lliere  are  four  pairs  of  rudiments  of  pleopods;  they  are  paired 
swellings  projecting  below  the  ventral  line.  Each  is  widely  separated 
from  the  other  pleopod  of  the  pair.  The  integument  is  apparently  per- 
forated for  the  outward  growth  of  the  appendage,  in  a  manner  similar  to 
the  bud  of  a  new  limb.     Inside,  a  fold  can  be  seen. 

In  each  segment  there  is  a  pair  of  nerve  ganglia.  In  the  examination 
of  the  first  stage  of  Carcinus  the  ganglia  are  noticed,  but  were  not 
recognised.t  There  is  a  little  tooth  on  the  side  near  the  anus.  On  the 
hind  border  of  the  telson  there  are  16  (17)  little  setie  on  either  side  of 
the  median  spine.  In  the  dorsal  view  of  the  abdomen  and  telson  the 
exact  number  of  setae  is  not  shown  on  the  hind  border  of  the  telson. 

.  • 

Food  of  the  Zoea. 

he  stomach  of  one  zoea  contained  the  integument  of  a  copepod. 

Subsequent  Stages. 

As  mentioned  above,  there  has  been  some  difference  in  opinion  regard^ 
ing  the  number  of  stages  into  which  the  zoea  period  is  normally  divided. 
In  the  European  lobster  Sars  distinguished  three  stages ;  Saville  Kent 
made  out  four  distinct  stages ;  Chadwick  has  described  three  stages. 
Herrick,  for  the  American  lobster,  discriminated  three  zoea  stages  only. 

The  difficulty  arises  from  the  fact  that  during  the  zoea  period  the 
different  developing  appendages  do  not  proceed  pari  passu;  and  while, 
no  doubt,  there  is  normally  a  correlation  between  the  organs  which  results 
in  a  certain  stage  of  development  in  the  one  being  usually  associated 
with  another  certain  stage  in  the  second  appendage,  still  the  variation 

*llio  arthrobranch  in  tho  socond  row,  connected  with  the  third  maziUipode, 
is  hidden  by  the  adjacent  arthrobranch  of  the  first  pereiopod. 

t  Vide  Williamson.  The  Larval  and  Early  Young  Stages  of  the  Shore-Crab  {Oarcinm 
\namas)f  p.  157. 
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is  comparatively  very  large.  How  is  the  number  of  zoea  stages  to  be 
fixed  ?  The  most  direct  method  is  to  watch  a  zo^a  in  its  development 
from  hatching  till  it  reaches  the  megalops  stage,  when  it  changes  its  mode 
of  life  and  assumes  the  form  of  the  adult.  In  the  zoea  period  every 
moult  ushers  in  a  new  stage.  As  will  be  shown  later,  however,  the 
megalops  is  not  a  fixed  condition ;  a  large  amount  of  variation  occurs  in 
its  structure.  The  development  of  a  single  example  would  not  be 
sufficient ;  a  number  would  be  necessary.  In  the  zoesB  of  Crangon  and 
Carcinus  variation  was  noticed,  especially  in  the  size  of  larvas  of  the  same 
developmental  stage.  These  zoess  are  of  very  small  size,  whereas  the 
lobster  larva  is  large.  The  variation,  then,  in  the  latter  is  of  much 
greater  absolute  size.  The  variation  in  size  and  in  the  development  of 
the  appendages  together  result  in  a  multi2)lication  of  forms.  Causes 
which  are  at  present  unknown — they  may  be  food,  temperature,  salinity 
of  the  sea-water,  <kc. — stimulate  development  in  certain  or  all  the 
characters  in  some  larvae,  while  apparently  similar  conditions  of  environ- 
ment result  in  delayed  development  in  other  specimens.  The  method 
adopted  in  the  present  case  has  been  to  group  the  zoeae  into  as  many  groups 
as  they  naturally  fall  into.  Of  these  there  are  three.  But  the  extent  of 
variation  is  sufficiently  large  to  bring  into  prominence  three  other  distinct 
forms.  In  the  first  group  of  zoeo^  there  are  two  dimorphic  forms,  and  it 
might  be  inferred  from  that  fact  that  we  had  simply  to  deal  with  two 
parallel  series,  but  that  does  not  appear  to  be  the  case.  One  case  at  least 
occurred  where  a  larva  belonging  to  one  series  passed  by  a  moult 
apparently  into  the  other  senes. 

The  zoea  stages  are  very  readily  distinguished  by  the  stage  of  develop- 
ment of  the  pleopods.  During  the  zoea  period  the  pleopods  develop  and 
become  functional  for  the  first  time  in  the  megalops.  This  occurred, 
without  observed  exception,  in  the  case  of  Crangon  and  Carcinus, 

In  Homarus  the  first  zoea  has  the  rudiments  of  the  pleopods;  they 
do  not  project  from  the  abdomen ;  they  are  merely  paired  swellings 
on  the  posterior  part  of  the  under-surface  of  the  abdominal  segment.  In 
Stage  II.  the  pleopods  project  as  unjointed  bifid  processes.  In  Stage  III. 
they  are  large  two-bladed  appendages. 

In  the  first  zoea  the  cornea  of  the  eye  is  attached  to  the  carapace ;  the 
eye  is  sessile.  In  the  second  and  third  stages  it  is  quite  free  from  the 
carapace;  the  eye  is  distinctly  stalked. 

The  telson  in  the  first  zoea  is  triangular,  its  hind  margin  fringed  with 
plumose  setae.  No  uropods  are  present.  The  nropods  appear  in  Stage 
III. 

In  each  stage  there  is  a  marked  variation  in  size,  and  the  large  indivi- 
duals usually  show  considerable  divergence  in  structure  from  the  small 
specimens  of  the  same  stage,  in  respect  to  the  developing  appendages. 

In  Stage  I.  one  or  two  large  specimens,  la.  (fig.  67),  but  not  all, 
showed  a  telson  difierently  shaped  from  that  of  the  smaller.  But 
between  these  two,  some  larvae  showed  intermediate  forms  of  the 
telsoD.  Then  a  difference  in  the  size  of  the  ventral  swellings  (pleopods) 
on  the  abdomen  was  noticed,  but  the  more  prominent  swellings  were  not 
confined  to  zoese  having  the  second  form  of  telson. 

In  Stage  II.  (fig.  68)  the  outstanding  difference  between  the  larvae  was 
that  of  size;  a  dimorphic  form  was  not  noticed  here. 

In  Stage  III.  (fig.  69)  difference  in  the  size  and  structure  of  the  pleopods 
is  common.  The  dimorphic  form  of  the  third  zoea  (fig.  71,  pi.  iv.)  is 
one  which,  in  structure,  is  intermediate  between  Stage  III.  and  the 
megalops. 

None  of  these  dimorphic  forms  have,  so  far  as  I  am  aware,  been 
previously  recorded  and  described.     It  is  possible  that  their  origin  may, 
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Id  some  measure,  be  due  to  the  environment ;  the  conditions,  favoarable 
and  unfavourable,  of  their  life  in  the  Laboratory  may  have  resulted  in 
stimulating  these  irregular  forms.  The  lobsters  were  under  the  inflaence 
of  this  environment  for  a  month  or  so  while  in  the  egg,  and  afterwards 
during  the  whole  of  their  free  existence.  The  parent  lobsters  were  from 
two  widely  separated  localities,  viz.  the  East  and  West  Coasts  of  Scotland. 
The  young  forms  were  mixed  together  in  the  hatchery.  The  different 
origins  of  the  parents  might  be  accompanied  by  variation  in  development 
of  the  larvie. 

It  is  convenient  to  discuss  the  stages  in  the  order  of  their  sequence. 

Stage  I. — Saville  Kent  breaks  up  this  stage  into  two  stages,  which  he 
separated  by  two  characters : — 

(1)  Difference  in  size. 

(2)  Difference  in  the  number  of  dorsal  spines  on  the  carapace. 

Difference  in  size  is  not  a  character  of  value;  and  as  regards  the 
second,  I  have  not  been  able  to  discover  this  difference. 

A  very  marked  difference  was  found,  however,  between  certain  of  the 
first  zoeae,  in  the  shape  of  the  hind  border  of  the  telsou.  In  the  majority 
the  hind  margin  makes  with  the  hooks  at  the  angles  of  the  base  a  letum 
curve  of  comparatively  small  radius  (fig.  30).  In  some  of  the  larger  speci- 
mens la.  (fig.  67)  the  telson  is  broader,  the  curve  of  the  hind  mai^gin  is  a 
much  shallower  one,  the  lateral  hooks  being  directed  posteriorly  instead 
of  inwards  (fig.  46).  The  setee  on  the  hind  border  are  very  short,  while 
in  the  first  described  case  the  setas  were  fully  half  the  length  of  the 
median  spine.  Now,  in  Crangon  vulgaris,*  the  second  stage  differs  from 
the  first  in  having  a  telson  of  slightly  different  shape,  accompanied  by  a 
greater  number  of  spines  on  the  hind  border.  There  is  also  a  difference  in 
size.  This  fact  would  suggest  the  possibility  of  the  two  forms  in  Stage  I. 
being  independent  stages,  but  the  length  of  the  setae  was  found  to  be 
variable,  and  cases  occurred  where  it  was  impossible  to  say,  from  the 
length  of  the  setie,  to  which  form  the  individual  belonged.  I  have  come 
to  the  conclusion  that  there  is  not  sufficient  differentiation  to  warrant  its 
elevation  to  a  separate  stage. 

The  second  zoea  (fig.  68,  pi.  iv.)  is  the  first  stage  in  which  the  pleopods 
project.  They  are  unjointed  bifid  processes.  They  issue,  by  foramina 
in  the  integument,  from  the  posterior  part  of  the  under-surface  of  the 
2nd,  3rd,  4tli,  and  5th  abdominal  joints.  The  telson  (fig.  48,  pi.  ii.)  has 
16  little  sette  on  either  side  of  the  median  spine.  On  the  outside  of  the 
setae  there  is  a  little  spine  at  the  base  of  the  lateral  hook.  The  uropods 
are  not  yet  free,  but  may  be  traced  through  the  integument  of  the  telson. 
Two  zoea  of  this  stage  measured  10  and  12mm.  respectively — a  very  con- 
spicuous difference  in  bulk. 

The  third  zoea  shows  a  certain  amount  of  variation,  and  between  the 
third  zoea  and  the  megalops,  and  in  the  megalops,  variation  is  well  marked. 
The  dimorphism  was  noticed  in  respect  to  two  characters  especially,  viz. 
those  which  are  in  process  of  development  in  the  zoea  period,  e,g,  the 
antennae  and  the  pleopods. 

The  third  zoea  (fig.  69,  pi.  iv.)  is  characterised  by  the  possession  of 
uropods.  The  telson,  which  is  square,  is  toothed  along  its  hind  border 
(fig.  35,  pi.  ii.).  There  were  18  teeth  on  either  side  of  the  median  spina 
in  the  specimen  examined.  On  one  side  there  was  a  little  setose  hair. 
Two  or  three  short  plain  hairs  were  found  on  the  dorsal  surface  of  the 
margin.  The  pleopods  (fig.  37)  are  larger;  each  consists  of  a  thick  stem, 
bearing  two  paddle-shaped  processes.  They  are  constricted  off  from  the 
stem,  but  not  by  movable  joints,    The  paddles  are  set  across  the  abdomen, 

♦  Vide  Williamaon. 
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and  are  fringed  on  both  edges  of  their  distal  halves  with  short,  stout  plain 
hairs.  The  cxopodite  overlaps  the  endopodite  on  the  anterior  side  of  the 
latter.  In  the  third  pair  of  pleopods  of  one  larva  there  were  21  hairs  on 
the  exopodite,  viz.  13  on  the  outer  side,  2  terminal,  and  6  on  the  inner 
side,  i.e.  next  the  endopodite.  The  endopodite  was  somewhat  smaller 
than  the  exopodite,  and  bore  19  hairs,  viz.  3  terminal  and  8  on  each  side. 
The  endopodite  extends  as  a  continuation  of  the  stem  of  the  appendage. 
There  is  a  variation  in  this  stage  which  is  common  ;  it  is  the  case  wherein 
the  pleopod  is  furnished  with  rather  longer  fringing  hairs,  a  proportion, 
larger  or  smaller,  of  which  are  sparsely  plumose.  The  pleopods  apparently 
function  to  a  slight  extent  in  this  stsqge. 

The  two  forms  observed  of  the  third  stage  then  are :  —  Illcf',  zoeae 
having  pleopods  fringed  with  sliort  plain  hairs;  III&,  zoese  having 
pleopods  fringed  with  rather  longer  hairs,  which  arc  in  part  sparsely 
plumose  (fig.  36,  pi.  ii.).  It  is  possible  that  lllh  is  the  more  common. 
This  was  the  structure  of  the  pleopod  in  the  III.  zoea  stage  described  by 
Smith. 

The  most  striking  secondary  form  is  one  which  partakes  of  the 
characters  of  both  zoea  and  megalops.  It  will  probably  be  more  con- 
venient, then,  to  define  the  normal  or  average  megalops  before  proceeding 
to  discuss  the  intermediate  variation. 

The  zoea  has  certain  prominent  characters ;  these  are  the  dorsal  hooks 
on  the  abdomen,  the  purely  maxillipede  form  of  the  pereiopods,  the 
swimming  exopodites  of  the  thoracic  appendages,  and  the  stumpy 
antennae,  which  do  not  function  as  feelers.  The  pleopods  in  the  zoea  are 
not  fringed  with  long  plumose  setae. 

The  megalops  stage  is  marked  by  the  antennae  being  long,  minutely 
jointed,  and  used  as  feelers.  The  pereiopods  function  for  walking  ;  the 
exopodites  are  greatly  reduced.  The  pleopods  are  furnished  with  long, 
densely  plumose  setae,  and  have  become  powerful  swimming  organs.  The 
dorsal  hooks  on  the  abdomen  are  absent. 

The  intermediate  stage,  which  is,  for  convenience,  labelled  thus  "  IV." 
in  the  plates,  was  quite  common  among  the  larvae  that  were  reared.  Fig. 
71,  pi.  iv.,  represents  the  most  common  condition  of  this  form  ;  for  it  also 
varies.  The  antennule  and  the  antenna  are  still  not  fully  developed ; 
the  former  is  single,  and  bears  at  its  extremity  a  bunch  of  hairs.  The 
antenna  is  longer  than  it  is  in  Stage  III. ;  it  shows  some  segmentation, 
and  coming  joints  are  indicated  externally  by  the  presence  of  little  hairs ; 
it  is  not  a  functional  feeler.  In  other  respects  this  form  is  a  zoea.  The 
spine  and  hook  armature  of  the  abdomen  is  that  of  the  zoea.  The 
pereiopods  and  their  exopodites  are  in  the  zoiia  condition.  Drawings  of 
the  first  pereiopod  are  given  in  figs.  43,  44,  and  38,  pi.  ii.  The  part  of 
the  second  protopodite  joint  which  bears  the  exopodite  is  now  segmented. 
The  epipodite  is  also  segmented  ofif  from  the  first  protopodite  joint  (figs. 
44  and  38).  The  protopodite  of  the  second  pereiopod  is  represented  in 
fig.  39,  pi.  ii.     The  endopodite  has  five  joints — a  chelate  tip. 

It  resembles  a  megalops  in  its  pleopods,  tclson,  and  the  hand  of  the 
first  pereiopod.  The  pleopods  are  large,  and  fringed  with  long  plumose 
setae.  On  the  third  pleopod  (fig.  51,  pi.  ii.)  there  are  on  the  exopodite 
33  setae,  and  on  the  endopodite  30  setae.  The  exopodite  overlaps  the 
endopodite  on  the  anterior  surface.  The  hand  of  the  first  pereiopod  was 
long,  resembling  that  of  a  megalops  rather  than  that  of  the  zoea  (fig.  43, 
pi.  ii.). 

The  Stage  *'  IV.''  varies  to  the  extent  of  having  its  pleopods  furnished 
with  comparatively  short  hairs,  some  of  which  at  least  are  sparsely 
plumose.  This  is  the  condition  found  in  the  modification  of  the  third 
stage  zoiia,  labelled  III6.      The  largest  specimens  are  usaally  furnished 
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with  the  pleopods  of  the  megalops.  The  telson  of  the  "IV."  stage, 
which  was  drawn,  had  uo  median  spine  on  the  hind  border  ;  in  this 
stage  a  median  spine  is  usually  present. 

Stage  *'  IV.''  attracts  attention  from  the  fact  that  in  general  shape  and 
largo  size  it  resembles  a  megalops.  The  use  of  the  pleopods  for 
swimming  give  it  the  characteristic  megalops  appearance.  It  swims 
with  the  chelse  stretched  straight  out  in  front  of  it.  It  may  be 
regarded  either  as  a  backward  megalops,  or  as  a  precociously  developed 
zooa.  From  the  point  of  view  of  the  former,  the  antennae,  which  are  so 
prominently  employed  by  the  megalops,  have  developed  more  slowly 
than  the  pleopods.  We  have,  in  fact,  a  megalops  which  has  carried  over 
certain  zoea  characters,  viz.  antennules,  antennae,  the  purely  maxillipede 
form  of  the  pereiopods,  and  the  abdominal  hooks.  There  are  other  cases 
in  which  minor  zoiia  characters  are  carried  over  and  exhibited  in  the 
megalops ;  they  will  be  referred  to  later.  If  the  second  view  is  adopted, 
we  are  led  to  the  inteiesting  conclusion  that  an  organ  may  by  precocious 
development  become  functional  in  a  stage  which  is  normally  without  it. 

Might  not  an  unusually  rapid  growth  of  the  zoea  in  size  necessitate  the 
earlier  provision  of  swimming  organs  to  assist  the  exopodites  which  were 
sufficient  in  the  smaller  stages  ?  Or  might  a  lower  salinity  react  by 
stimulating  the  development  of  greater  swimming  power?  The  zoiia  has 
attained  to  the  body  of  a  megalops,  and  the  result  is  the  provision  of  the 
means  of  moving  it  about. 

Boas  describes  considerable  diflference  in  structure  between  the  larvae 
and  adults  of  the  fresh-water  and  sea-water  forms  of  Palaemonetes 
variant.     The  larva  of  the  former  is  larger  than  that  of  the  latter. 

The  megalops  stage  is  illustrated  by  several  figures.  Fig.  72,  pi.  iv.. 
shows  the  lobster  in  this  stage.  The  pereiopods  are  represented  by  figs, 
60,  61,  62,  and  58,  pi.  iii.,  while  the  abdomen  and  telson  are  shown  in 
figs.  57  and  63,  pi.  iii. 

The  exopodites  of  the  pereiopods  are  present,  and  setose,  though  very 
much  reduced ;  but  variations  in  the  exopodites  are  common.  In  the 
stage  following  the  megalops,  viz.  the  first  young  stage,  the  exopodites 
are  reduced  to  little  processes  (tMe  figs.  59,  65,  70,  pi.  iv.). 

While  dissecting  a  megalops  the  first  pereiopods  broke  off  at  the 
junction  between  the  basipodite  and  the  ischiopodite.  These  joints,  so 
far  as  could  be  made  out,  were  fixed,  as  they  are  in  the  adult.  This  is 
the  fracture  plane  of  Fredericq.  The  broken  limb  showed  a  clean  but 
not  very  regular  break  (fig.  58,  pi.  iii.).  The  muscles  in  the  ischiopodite 
run  right  down  and  terminate  at  the  proximal  end  of  that  segment.  The 
muscles  of  the  exopodite  may  have  something  to  do  in  effecting  the 
fracture. 

The  pleopods  are  similar  to  those  of  Stage  "  IV."  (fig.  51,  pi.  ii.).  The 
setae  have  long,  stiff  cila,  and  resemble  generally  the  setae  on  the  pleopod 
of  the  megalops  of  Crangon  mdgaris. 

The  telson  of  the  megalops  had  a  median  spine  on  the  hind  border. 
This  spine  is  usually  absent ;  it  is  a  zoiia  character. 

The  chela  resembles  that  of  the  first  young  stage  (fig.  66),  but  the 
tubercles  on  the  meropodite  are  a  little  less  prominent. 

The  first  young  stage  resembles  much  the  megalops  {vide  fig.  70,  pi.  iv.), 
but  is  usually  larger.  The  exopodites  of  the  thoracic  limbs  are  small 
processes,  no  longer  setose.  The  antennae  are  longer  than  in  the  megalops. 
The  pleopods  are  similar  to  those  of  the  megalops.  The  rostrum  is 
bifurcate.  On  the  whole,  the  lobster  in  the  first  young  stage  resembles 
much  in  its  habits  the  lobster  in  the  megalops  stage.  It  does  not  appear 
to  swim  quite  so  much. 
The  first  pereiopod  of  this  stage  is  figured  in  figs.  65  and  59,  pi.  iii 
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The  little  hairs  on  the  propodite  &nd  dactylopodite  are  probably  sensory. 
Fig.  64,  ib.j  gives  a  dorsal  view  of  the  telson. 


Variation  op  the  Mkgalops. 

A  typical  megalops  may  be  described  as  follows.  It  walks  about  by 
means  of  the  pereiopods,  whicb  are  now  of  the  adult  form,  and  it  swims 
by  means  of  its  large  pleopods.  The  exopodites  of  the  thoracic  appen- 
dages are  present,  but  in  varied  structure.  They  may  be  setose,  or 
much  reduced,  and  without  set».  The  antennae  now  project  as  far  in 
front  as  the  chela;  can  reach,  and  are  used,  as  in  the  adult,  as  feelers.  The 
rostrum  is  bifurcate  at  the  tip.  The  eyes,  like  those  of  the  zoea,  are 
very  large.  « 

The  megalops  varies  in  several  ways — the  following  were  specially 
noted : — 

(1)  It  as  often  as  not  has  one  or  more  of  the  dorsal  abdominal 
hooks  of  the  zoea  persisting. 

(2)  It  may  have  the  median  spine  on  the  hind  border  of  the  telson — a 
zoea  character. 

(3)  The  exopodites  may  vary  very  much.  Some  or  all  of  them  may 
be  setose,  or  they  may  be  reduced  to  little  processes,  as  in  the  first  young 
stage.  The  cxopodite  of  the  first  pereiopod  does  not  usually  have  any 
setie. 

The  following  Table  gives  an  analysis  of  1 2  mcgalopa  with  respect  to 
three  characters.  The  sign  +  signifies  the  presence,  and  -  the  absence, 
of  the  character ;  if  no  sign  is  entered  the  character  had  not  been  noted. 


Dorsal  Hooks 

on 

Abdomen. 

Median 

Spine  on 

Telson. 

Exopodites — 

some 

Setose. 

Exopodites 
reduced  to 
small  pro- 
cesses. 

4  Megalopa, 

-h 

-h 

1  Megalops, 

+ 

-h 

5  Megalopa, 

— 

+ 

1  Megalops, 

+ 

1  Megalops, 

H- 

Forms  Resulting  from  toe  Casting  of  III.  and  "IV."  ZoEiB. 

Particulars  were  kept  of  various  casts  of  the  III.  zoea  and  of  the 
"  IV."  stage.  The  resulting  forms  were  observed,  and  are  entered  in  the 
following  Table : — 


[Table. 
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Stage. 

Coat  into 

Special  Characters  of 
Resulting  Form. 

Ilia. 
Ilia. 

u  lY  " 

PleopcKis  and  Telson  of  Megalops. 

Ilia. 

MegaloDF. 

"  iv;^ 

Megalops. 

Short  Antennie. 

1 116. 
III6. 
III6. 

Pleopods  of  Megalops. 

III6. 

»> 

III6. 

» 

u  iv.'» 

»» 

In  some  respects,  e.g,  Exopodites 
of  Pereiopods,  resembled  First 

"IV." 

» 

Young  Stage. 

»>               »>               »» 

Growth  of  the  Young  Lobster. 

The  larval  stages  of  the  American  lobster  have  been  fully  treated  by 
Herri ck,  who  followed  its  life-history  from  the  time  of  hatching  to  the 
tenth  stage,  when  the  animal  is  over  one  inch  long  and  about  three  months 
old.     He  says  that  the  young  lobster  ceases  to  swim  in  the  sixth  stage. 

In  the  Laboratory  here  the  young  lobsters  have  been  kept  for  Tarious 
intervals  up  to  ten  months.  Rearing  experiments  were  carried  on  in  the 
summer  of  1902  and  the  summer  of  1904.  In  the  case  of  the  lobsters 
which  were  kept  for  several  months,  it  was  not  possible  to  teli  in  what 
month  they  were  hatched,  but  as  the  greatest  number  of  the  fry  hatched 
out  in  August,  the  middle  of  that  month  has  been  taken  as  the  date  from 
which  to  calculate  the  age  of  the  young  lobsters.  The  growth  in  the 
cases  here  cited  is  possibly  abnormally  slow. 


2. 
8 


A.  1902  Brood— Hatclied  in  Aiigud  1902. 

1.    September  28-30th  1902. — Megalopa  issued  from  three  specimens 
of  the  large  "  IV  "  zoea. 
October  30th. — One  megalops  cast. 
November  6th  1902. — Another  megalops  cast. 
October  1st. — A  zoca  cast  into  a  zoea  of  '*  IV  "  stage. 
November  7th. — The  "  IV  ''  zoea  was  partly  cast  to  megalops. 
Deceinbcr  5th. — The  megalops  was  dead  ;  1  "Gem. 
October  2nd. — A  zoea  cast ;  a  megalops  issued. 

4.  November  7th.—  A  megalops  cast. 

5.  November  2l8t. — A  first  young  stai^e  lobster  Ciust. 

„     December  4th. — The  soft  lobster,  second  young  stage,  was   found 
dead;  l'4cm. 

6.  December  13th. — A  lobster  of  the  second  young  stage  died  ;  l'7cm. 

7.  January  15th,  1903. — A  first  young  stage  lobster  died;  l*7cm. 

8.  „        17th.— A  first  young  stage  lobster  died  ;  I'Scm. 

9.  „        27th. — A  second  young  stage  lobster  died;  r7cm. 

10.  May  29th.  —A  second  young  stage  lobster  cast. 

„     June  11th. — The  soft  lobster,  third  young  stage,  died     I'Scoi 

11.  May  31st. — A  second  young  stage  lobster  cast. 

„  „         .  —The  soft  lobster,  third  young  stage,  died  ;  2 '2cm. 
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B.  1904  Brood— Hatched  in  August  IQOjf, 

12.  October  27th  1904. — Young  lobster,  fii-st  young  stage,  cast. 

„     November  3rd. — The  soft  lobster,  second  young  stage,  died  ;  I'cm. 

13.  31st  October. — Young  lobster  cast. 

„     November  3rd. — Soft  lobster  died  ;  2'r»cn). 

14.  June  4th  1905. — One  young  lobster,  the  sole  remaining,  measuring 

l*9cm ,  cast. 
„        „    14th. — The  young  lobster  died ;  2'lcm. 

Casting  of  zoesa  occurred  as  late  as  October  and  November  and  of 
megalops  and  later  stages  in  October,  November,  May,  and  June. 

Length  of  Diffrrent  Stages. 

The  last  zoea  stage  lasted,  in  the  case  of  No.  2,  from  October  1st  to 
November  7th,  a  period  of  five  weeks. 

The  megalops  stage  lasted,  in  the  case  of  two  examples  in  No.  1,  from 
September  30th  to  October  30th  and  November  6th,  i.e.  four  and  five 
weeks  respectively. 

Appellof  records  that  two  lobsters  in  the  same  jar  differed  from  one 
another  by  a  month  in  arriving  at  the  sixth  stage.  Casting  took  place 
also  in  winter. 

Sizes  of  the  young  lobsters  which  died,  and  their  approximate  ages  (from 
hatching)  at  death  : — 


Length 

Number  in 

Stage.* 

Age. 

in 

preceding 

Cms. 

List. 

M 

2    months 

1-C:  1-7 

•   • 

M 

2i       „ 

1-6 

2 

+  2 

^      ,, 

1-7 

!         12 

•   • 

H       „ 

2-5 

13 

+  2 

3i       „ 

1-4 

5 

+  2 

4         „ 

1-7 

6 

+  1 

5         „ 

1-7 

7 

+  1 

5         „ 

1-8 

8 

i       +2 

5         ,. 

1-7 

;          9 

+  3 

9         „ 

2-2 

11 

•       • 

1» 

21 

14 

+  3 

1 
\ 

10      .„ 

1-8 

10 

•The  following  contractions  arc  usctl  in  this  column  :—**  M,"  Megalops;  ''+1," 
first  young  stage,  i.e.  stage  immediately  following  Megalops ;  "  +2,'  second  young 
stage,  kc. 
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Additional  measurements  of  lobsters  of  different  stages :  — 


Date. 

Stage. 

Measurements. 
Mm, 

Sept.  and  Oct. 
1902. 

Sept.  1902. 

"  IV  "  Zoea. 
M. 

+  1 

1-5:  1-5:  1-6:  1-6. 

1-5:  1-5:  1*5:  1*5: 
1*6:  1-6. 

1-55:  1-55:  1*6:  1*65: 
17:  1*7. 

Death  of  thk  Young  Lobsters,  First  Young  Stage  and  Later. 

The  majority  of  the  young  lobsters  reared  at  the  Laboratory  have  died 
shortly  after  existing.  As  a  rule,  the  death  took  place  gradually,  as  if  a 
disease  had  seized  them  immediately  on  casting.  The  lobster  became  at 
once  sluggish,  move<l  about  with  difficulty,  and  simply  ebbed  away. 

Ortobet'  23rd  (No.  3). — One  of  the  young  lobsters  cast,  but  became  weak 
immediately  after,  and  was  hardly  able  to  move  a  limb.  It  was  removed 
to  a  larger  vessel  with  a  good  supply  of  water,  and  it  seemed  to  be 
reviving  on  the  28th.  On  October  31  st  it  was  livelier  ;  it  could  move 
its  pleopods,  but  seemed  to  be  paralysed  in  the  thorax  ;  a  faint  movement 
of  the  antennules  was  noticed.  It  had  a  large  swelling  on  its  left  side  at 
the  hind  part  of  the  carapace.     It  was  dead  on  November  3rd. 

On  October  Slst  (No.  5)  a  lobster  that  had  not  cast  recently  wad  seen 
to  be  almost  dead ;  there  was  just  a  little  movement  detected  in  the  last 
pleopod.  On  November  3rd  it  was  dead  and  covered  with  a  fungoid 
growth. 

On  Novemhei'  3rd  (No.  6)  a  lobster  which  was  half -cast  was  found  as 
if  dead.  No  movement  was  noticed.  The  lobster  was  torn  asunder,  and 
it  was  then  seen  that  life  still  remained,  as  vermiform  movements  of  the 
organs  were  detected.  A  puff  of  white  fluid  material  was  squeezed  from 
the  anterior  half  of  the  body,  and  examined  by  means  of  the  microscope. 
It  was  seen  to  consist  of  great  numbers  of  infusors  of  various  kinds,  the 
majority  being  very  small  and  roundish  in  •  shape ;  others  were  long, 
pear-shaped.  Some  were  progressing  with  an  eel-like  motion.  Sporo- 
spheres  consisting  of  a  mass  of  minute  infusors  were  made  out.  The 
water  in  which  the  lobster  was  had  no  infusors  in  it  when  a  drop  was 
examined. 

The  death  of  the  young  lobsters  is,  without  doubt,  due  to  the  rapid 
development  in  them  of  these  inf usor  parasites.  It  is  possible  that  daring 
the  casting  process  the  infusors  may  gain  admittance  to  the  body,  and 
their  rapid  multiplication  there  results  in  the  death  of  the  host  in  a  few 
days. 

One  lobster,  the  largest  reared,  measuring  1  inch  (2 '5cm.)  in  length, 
reached  that  size  by  a  cast  on  October  31st  1904.  On  November  3rd  it 
appeared  to  be  dead.  On  examination  a  little  movement  was  detected  in 
its  limbs.     It  was  removed  to  a  large  jar,  but  did  not  recover. 
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Berried  Lobsters  of  Summer  1902. 

The  parent  lobsters  from  which  the  supply  of  larvae  was  obtained  in 
1902  were  kept  alive  in  the  Laboratory  after  the  hatching  finished.  Two 
survived  till  the  spring  of  1905.  The  history  of  these  and  of  other 
lobsters  which  were  kept  in  confinement  will  now  be  detailed. 

One  lobster  was  found  clean  hatched  on  August  2nd  1902,  and  by 
September  10th  all  but  one  had  hatched  out  their  eggs.  The  exception  was  a 
lobster  upon  which  a  quantity  of  dead  eggs  remained  attached  to  the  swim- 
merets.  On  September  22nd  one  lobster  cast  its  shell ;  when  examined 
on  October  14th  the  shell  of  this  individual  was  not  hardening  quickly. 
None  of  the  others  cast,  and  none  spawned.  If  spawning  actually 
occurred  none  of  the  eggs  became  attached  to  the  adult.  The  lobsters 
were  ten  in  number  on  January  16th  1903.  None,  so  far  as  could  be 
made  out,  had  spawned ;  one  had  still  a  quantity  of  empty  egg-capsules, 
visible  to  the  naked  eye,  attached  to  the  swimmerets.  The  soft  lobster 
died  on  June  6th  1903. 

On  July  6th  1903  eight  of  the  1902  hatchers  survived.  During  that 
month  six  ca^t  their  shells ;  one  cast  in  August,  and  the  eighth  died  in 
July.     Of  the  six  which  cast  in  July,  three  died  in  the  process  of  casting. 

The  four  soft  lobsters  bad  not  spawned  in  October,  in  which  month  a 
male  lobster  was  introduced  into  the  tank  with  them.  On  January  13th, 
1904  the  male  lobster  was  still  with  them  ;  none  had  become  berried. 

One  of  the  females  was  found  cast  on  July  19th  1904,  and  it  died 
the  following  day.  A  second  cast  on  July  29th.  The  third  was 
found  dead  on  August  30th  1904.  There  were  left  at  that  date  two 
lobsters  ;  one  of  these  had  cast  its  shell  in  1903,  and  also  in  1904  ;  the 
other  had  cast  in  1903.  The  male  lobster  remained  with  the  latter. 
Both  females  were  still  unberried  on  21st  October.  Neither  had  spawned 
by  January  12th  1905.  The  lobster  that  cast  in  1904  was  found  dead  on 
February  16th  1905,  and  the  remaining  specimen  had  died  by  April  6th 
1905. 

During  the  two  years  and  nine  months  the  majority  cast  their  shells, 
but  none  became  berried. 

A  Female  that  Spawned. 

A  marketable*  female  lobster  arrived  from  Dunbar  in  December  1902. 
It  had  a  clean  shell,  and  did  not  appear  to  have  been  berried.  It  cast 
its  shell  on  September  2nd  1903.  When  examined  on  the  12th 
October  following  it  measured  10|  inches  in  length.  It  was  not 
berried  on  January  13th  1904,  but  on  July  14th  it  was  found  to  hare  a 
small  quantity  of  eggs  attached  to  the  swimmerets.  The  eggs  were  early, 
just  spawned.  No  male  lobster  was  present  when  the  eggs  were  spawned. 
These  appeared  to  be  healthy,  dark  green  in  colour,  with  a  clear  dotted  area 
to  one  side.      The  lobster  had  lost  all  its  eggs  but  two  by  October  21st 

1904,  and  when  examined  on  November  19th  of  the  same  year  it  was 
clean.  On  the  subsequent  examinations,  viz.  January  12th,  May  6th, 
and  June  19th  1905,  the  lobster  was  still  clean.    It  moulted  on  July  2nd, 

1905,  and  was  killed  then.  This  cast  has  not  been  entered  in  the  table 
on  p.  90. 

Berried  Lobsters  of  1903. 

Some  berried  lobsters,  eight  in  number,  were  obtained  from  Dunbar  in 
September  1903.  Two  had  well -developed  eggs,  and  the  eggs  hatched 
soon  after  arrival.  By  September  24th  two  more  had  hatched  their  eggs ; 
a  few  eggs  remained  attached  to  one  lobster.     The  four  others  had  black 

*  A  lobster  is  marketable  when  it  is  eight  inches,  and  over  in  total  length  of  body. 
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eggs,  which  appear  to  have  been  freshly  extruded.  They  were  not 
retained  at  the  Laboratory  ;  the  clean-hatched  lobsters  were  preserved 
alive.  During  the  winter  that  followed  none,  so  far  as  was  noticed, 
spawned,  and  on  January  23rd  1904,  of  the  three  that  remained,  none 
was  berried.  One  lobster  cast  on  July  9th  1904.  The  cast  shell  was 
clean  ;  the  antennae  which  had  been  most  exposed  to  the  light  had  some 
algae  growing  on  them.  It  died  on  July  1 4th.  The  second  lobster  cast 
on  July  13th,  and  the  third  on  July  25th. 

By  October  21st  1904  only  one  survived,  and  it  was  not  berried.  It  was 
examined  again  on  November  19th  1904,  January  12th  1905,  ^  ay  and 
June  19th  1905,  and  on  each  date  found  to  be  unberried. 

Berried  Lobsters  of  1904. 

A  stock  of  berried  lobsters,  20  in  number,  were  obtained  from  Girvan 
and  Dunbar  in  June  and  July  1904.  All  but  five  hatched  their  eggs  by 
the  end  of  August.  These  were  still  berried  on  October  12th  1904.  Of 
the  others,  one  cast  in  August,  one  cast  in  September,  four  more  had  cast 
by  October  12th  1904,  a  seventh  cast  on  October  29th  1904,  and  the 
eighth  was  found  cast  on  November  1st  1904.  Of  the  fifteen  which 
hatched  their  eggs,  eight  cast  their  shells  by  November  1st  The 
remainder,  seven  in  number,  were  examined  on  December  15th  1904, 
January  12th  1905,  May  8th  and  June  19th  1905.  None  had  become 
berried.    At  the  examination  in  May  one  had  died. 

Six  of  the  soft  lobsters  had  died  by  November  16th  1904;  none  of 
them  had  spawned.  On  January  12th  two  were  alive,  but  they  had 
succumbed  by  May  6th  1905. 

When  the  berried  lobsters  were  examined  on  October  12th  1904  the 
external  eggs  showed,  under  the  microscope,  a  considerable  pink  area  at 
one  pole,  wherein  were  to  be  made  out  the  pigmented  eyes  and  the  rudi- 
ments of  the  limbs.  The  great  mass  of  the  egg  consists  of  black  yolk. 
The  lobsters  had  probably  spawned  their  eggs  just  before  they  were 
captured  in  July. 

On  January  12th  1905  the  reddish  or  amber-coloured  area  had  increased 
a  little  ;  it  extended  well  round  the  black  yolk.  The  eye  of  the  embryo 
has  a  prominent  black  retina  ;  the  limbs  are  distinct. 

When  examined  on  May  6th  1905  the  eggs  showed  a  further  increase 
in  the  red  area ;  it  extended  almost  completely  round  the  yolk,  but  was 
still  narrow  in  most  of  the  eggs.  At  this  date  four  lobsters  remained  ;  of 
these,  one  had  got  rid  of  its  eggs.  Two  were  clean  on  June  19th  1905. 
The  eggs  of  the  two  others  were  far  advanced. 

Proportion  op  Berried   Hens  in  the  Catch  of  Lobsters. 

As  to  the  proportional  numbers  of  berried  to  unl>6i'ried  females  cap- 
tured by  the  fishermen,  Herrick*s  observations  showed  that  in  April 
and  May  the  largest  percentage  of  berried  females  were  captured  in 
Wood's  Hole  Harbour.  In  these  months  the  berried  females  formed  40 
and  36  per  cent,  respectively  of  the  total  number  of  female  lobsters 
taken. 

Ehrenbaum  found  that  at  Heligoland  the  berried  hens  were  taken  in 
largest  numbers  in  July,  August,  and  September,  during  which  months,  in 
the  period  covered,  the  percentages  were  35,  46,  and  44  respectively  of 
the  total  females. 

Cunningham's  statistics  of  the  lobsters  caught  in  the  Cornwall  district 
show  that  in  April,  May,  June,  and  July  the  berried  females  form  a 
considerable  proportion  of  the  total  catch.     In  the  three  years  1895- 
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1897  the  proportion  of  berried  hens  during  the  months  March  to  July, 
amounted  in  some  cases  to  50  per  cent,  of  the  females  captured.  For 
the  four  months  April  to  July,  at  Cadgwith  in  1899,  out  of  a  total  of  443 
females,  108  were  berried  hens. 

Meek  has  published  statistics  of  the  catch  of  lobsters  and  crabs  during 
the  past  six  years,  1899-1904,  both  inclusive.  The  monthly  totals  at 
Seahouses  and  Beadnell  are  given  for  each  year.  The  lobsters  are  classified 
as  hard,  small,  and  berried.  The  largest  number  of  berried  females  were, 
as  in  Cornwall,  captured  in  April,  May,  June,  and  July.  For  the  six 
years  the  berried  hens  made  up  on  the  average  in  these  months  28,  34, 
32*7,  and  22*8  per  cent,  respectively  of  the  females  captured  at  Sea- 
houses. 

The  Casting  op  the  Lobster. 

The  Male  Lobster, 

A  male  lobster  obtained  in  October  1903  was  kept  in  a  tank  along 
with  four  soft  female  lobsters.  On  April  14th  1904  it  was  found  to  have 
cast,  and  on  July  14th  following  it  was  already  hard.  It  was  noticed  that 
it  was  an  eager  feeder.  When  examined  on  November  19th  it  appeared 
to  be  soft  to  the  touch,  and  on  November  21st  it  had  again  moulted ; 
that  was  after  an  interval  of  seven  months  only  from  the  previous  cast. 
It  was  killed  by  the  female  lobster  that  was  with  it  in  the  tank.  It  had 
bled  to  death ;  the  injuries  were  not  very  extensive.  It  measured  at  its 
death  11^  inches  in  total  length. 

Two  male  lobsters  which  were  kept  in  confinement  by  Brook  cast 
twice  in  each  of  two  successive  years.  One,  measuring  7\  inches  in 
length,  cast  in  (1)  May  and  again  in  (2)  September  1883,  and  also  in  (3) 
May  and  (4)  October  1884.  The  size  after  each  cast  was  (1)  7\^  inches, 
(2)  8}f  inches,  (3)  9^  inches,  (4)  9|-  inches.  The  second  male  lobster 
measured  6|-|  inches.  It  cast  in  (1)  July  and  (2)  December  1883,  and 
in  (3)  June  and  (4)  November  1884.  The  size  after  each  cast  was  (1) 
7^^  inches,  (2)  8  inches,  (3)  8  J  inches,  (4)  9f  inches. 

The  Castvihg  Periods. 

The  lobsterd  which  moulted  at  the  Laboratory  did  so  in  the  following 
months  : — April,  July,  August,  September,  October,  and  November.  All 
these  observations  refer  to  adult  lobsters  8  inches  and  over  in  length, 
which  were  nearly  all  females.  Most  of  the  females  were  lobsters  which 
were  berried  when  they  arrived  at  the  Laboratory.  In  the  following 
Table  they  are  indicated  by  the  letters  e.h.  (eggs  hatched). 

The  Table  which  follows  shows  the  date  on  which  the  lobster  cast,  its 
length  before  casting,  and  sex.  The  interval  of  time  that  has  elapsed 
since  the  eggs  were  hatched  is  given  in  one  column,  and  the  interval 
between  two  successive  casts  is  shown  in  the  three  cases  where  it  occurred. 

The  numbers  indicate  separate  moults :  the  same  lobster  appears  twice 
in  three  cases. 
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Size 

befoi-e 

Casting. 

1 

Interval 
between 

Interval 

Period 

of 

Captivity 

before 
Casting. 

No. 

Date. 

Sex. 

Hatching 
the  Eggs 

and 
Casting. 

from 

Previous 

Cast. 

I 

Inche**. 

1 

April  14,  1904. 

•  •  » 

6 

•  •  • 

•  •  • 

•  •  • 

2 

July    6,  190:3. 

121 

2  e.h. 

1  Year. 

3 

»      15>     »> 

12i 

2  e.h. 

^       j» 

4 

„     20,     „ 

11 

2  e.h. 

1       n 

... 

5 

»>      21,     „ 

lOf 

$  e.h. 

'       >» 

6 

»>     22,     ,, 

•  •  • 

$  e.h. 

^      >> 

7 

»     29,     „ 

11 

S  e.h. 

*      >» 

8 

„     1904. 

Hi 

?  e.h. 

A      »> 

9 

»         >> 

111 

$  e.h. 

■^      >> 

10 

»>         >> 

12 

$  e.h. 

*■      >> 

•  •          1 

11 

>>         >» 

12J 

2  e.h. 

2  Years. 

1  Year. 

.• 

12 

»>         >> 

11 

2  e.h. 

2      „ 

1       „ 

1 

13 

July  28,  1902.* 

•    •    • 

d 

•  •  • 

•  •  • 

14 

August,  1903. 

11 

$  e.h. 

1  Year. 

•  •  • 

15 

1904. 

•    •    • 

5  e.h. 

1  month. 

1 

•    •   •                                                 i 

16 

Sept.,  1902. 

n 

2  e.h. 

1          M 

•    ■    • 

1 

17 

„      1904. 

•  •  • 

$  e.h. 

1          „ 

•   •   • 

4 

'  18 

>>         »» 

•  •  • 

5  e.h. 

1          ,, 

•   •   • 

1 

19 

„      2,  1903. 

11 

2  e.h. 

1  Y'ear+ 

•   •   • 

< 

• 

1  mouth 

20 

»      2,     ,, 

[lO^lt 

? 

•    •    • 

•    •   • 

9  montlis. 

VV  as  berried 
in  July  1904. 

21 

Oct.,  1903. 

111 

? 

•    V    • 

•   •   • 

1  Year. 

22 

„     1904. 

•  •  • 

5  e.h. 

2  months. 

•   •    ■ 

»  •  • 

23 

>»         ?> 

•  •  • 

2  e.h. 

2       „ 

•    •    • 

24 

„     12,  1904. 

lU 

2  e.h. 

2       „ 

•    •    • 

25 

»)     29,     ,, 

lOfr 

2  e.h. 

2       „ 

•    *   • 

26 

Nov.     1,     „ 

11 

2  e.h. 

1                      •    •   • 

27 

>>     21,     ,, 

•  •  • 

6 

•    «    • 

7  months. 

♦Cast 

at  Dunbar. 

t 

Size  of  soft  lo 

bstor 

The  total  number  of  casts  recorded  above  is  27.  They  occurred  in  the 
months  of  April,  July,  August,  September,  October,  aud  November.  A 
summary  of  the  casts  is  here  introduced. 
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TABLE  SHOWING  THE  Number  of  Casts  in  each  Month. 


Sex. 

• 

1 

•  • 

1 

•  • 

•  • 

• 

d 

•  • 

•  ■ 

•  • 

• 

53 

1 
11 

12 

4^ 

1 

< 

2 
2 

i 
1 

Pi 

•     • 

5 
5 

1 

O 

•  • 
5 

6 

i 

f 

1 
1 

2 

Number  of  Casts  < 
of  each  Sex 

6 
? 

Total  for  month     . . 

So  far  as  the  class  of  female  lobsters  here  dealt  with  is  concerned, 
there  are  two  fairly  distinct  casting  seasons.  One,  which  is  at  its  maxi- 
mum in  July,  claiuied  those  females  which  were  not  berried  during  the 
previous  winter,*  while  the  second  is  an  autumn  casting  season,  the 
principal  months  being  apparently  September  and  October.  In  the 
autumn  season  those  females  that  were  berried  during  the  previous  winter 
and  spring  cast  ;*  that  is  to  say  if  they  cast  at  all  during  that  year.  The 
two  seasons  overlap,  however.  On  September  2nd  one  of  the  first  class 
of  lobsters  cast,  and  the  list  includes,  for  August,  one  of  each  class. 

The  two  cases  in  which  the  lobsters  cast  two  years  in  succession,  viz. 
Nos.  11  and  12,  are  interesting,  from  the  fact  that  the  view  has  been  held 
that  the  adult  lobster  would  not  cast  two  years  in  succession;  Appell6f 
maintains  that  view.  The  frequent  castings  of  Brook's  specimens  and  of 
the  two  males  recorded  above  are  important  as  indicating  a  possible 
divergence  in  rate  of  growth  from  the  female. 

It  certainly  seems  that  in  captivity  the  casting  process  becomes  more 
frequent  than  in  the  case  of  the  lobster  in  the  sea.  The  inactive  existence 
of  the  creatures,  and  the  absence  of  any  search  or  exertion  on  their  part 
in  the  quest  for  food,  may  have  predisposed  them  to  vegetate  in  place  of 
reproducing.  The  food  supplied  was  not  excessive  in  quantity ;  it  con- 
sisted of  shelled  mussels  {Mytilua  edulis)  and  fish. 

The  Increase  in  Size  on  Casting. 

One  fact  has  been  noticeable  in  connection  with  the  moulting  that 
occurred  at  the  Laboratory,  and  that  is  the  small  increase  in  size  that  has 
followed  the  casts. 

It  is  sometimes  difficult  to  accurately  measure  the  moulted  shell,  owing 
to  the  rupture  of  the  connection  between  the  carapace  and  the  abdomen 
which  occurs  during  the  change,  but  care  was  taken  to  replace  the  parts 
as  nearly  as  possible  in  their  natural  relationship  before  measurement. 
In  the  following  Table  the  sizes  of  the  lobster  before  and  after  the  moult 
are  set  forth.  As  a  rule,  the  soft  lobster  was  measured  within  a  day  or 
two  of  the  cast.  All  the  lobsters  in  the  Table  are  females.  The  lobster 
is  measured  from  the  tip  of  the  rostrum  to  the  hind  edge  of  the  telson, 

*  There  was  one  exception.    One  female  which  was  berried  during  the  winter  cast 
in  the  July  following.     Vtde  p.  87. 
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These  figures  indicate  that  there  was  no  great  increase  in  size  just  after 
the  cast,  whatever  may  happen  during  the  time  that  the  shell  is  harden- 
ing. Herrick  found  that  the  lobster  grew  considerably  during  that  time. 
While  most  of  the  lobsters  mentioned  in  the  Tabic  had  been  in  captivity 
for  a  year  or  more,  there  are  four  cases  in  which  the  length  of  confine- 
ment was  only  that  of  a  month  or  two.  In  the  case  of  one  lobster, 
the  increase  in  size  nine  months  after  the  moult  was  one  indu 
In  the  other  short-period  cases  the  increase  was  just  as  small 
as  with  the  lobsters  which  had  been  over  a  year  in  the  Laboratory. 
In  two  cases,  in  fact,  the  soft  lobster  was,  as  far  as  could  be 
ascertained,  exactly  the  same  size  as  the  hard  lobster.  It  was  not 
possible  to  separate  all  the  soft  lobsters  and  measure  them  sabsequently 
to  see  what  increase  took  place  during  the  hardening  of  the 
shell.  In  the  case  of  the  first  two  lobsters,  which  were  re-measured,  after 
intervals  of  two  and  one  week  respectively,  an  increase  of  ]J  inch  in  each 
case  took  ])lace.  Ehrenbaum  agreed  with  the  earlier  observations  of 
Herrick  and  liathbun  in  noting  the  slowness  in  the  growth  of  the  older 
lobsters.  He  instances  a  case  where  a  lobster,  measuring  4Q'2cm.  (16 
inches)  in  length,  only  increased  its  length  by  a  millunetre  (^  inch)  on 
casting.  Yitzou  gives  measurements  to  show  the  increase  that  takes 
place  in  different  parts  of  the  body  after  casting ;  he  demonstrated  the 
fact  that  while  the  carapace  and  abdomen  increased  in  size  at  oncei  the 
large  claws  only  showed  a  marked  increase  17  hours  after  the  monlt. 

Salter  describes  in  detail  the  operation  of  casting.  The  lobster  cast  in 
July.  Immediately  after  it  had  got  rid  of  its  shell  it  concealed  itself 
among  a  mass  of  seaweed  that  it  had  before  casting  collected  in  a  oomer 
of  the  tank.  Brook  observed  that  a  male  lobster  buried  some  food 
before  casting,  and  after  another  cast  it  partially  buried  its  cast  integu- 
ment in  the  sand. 
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The  Hardening  of  the  Shell. 

'  The  flhells  of  the  soft  lobsters  hardened  only  very  slowly,  in  this 
respect  dififering  from  cases  reported  by  other  observers.  A  male  lobster 
that  cast  when  in  a  box  floating  in  Dunbar  harbour  in  July  1902  was 
33  days  later  hard.  It  had  lost  nearly  all  its  pereiopods,  and  so  had 
difficulty  in  walking.  It  arrived  at  the  Laboratory  on  September  30th, 
and  lived  there  until  December  30th  1902.  Herrick  says  that  six  to  eight 
weeks  are  required  to  complete  the  hardening  process, '  a  period  also 
given  by  Prince.  Ehrenbaura  gives  a  period  of  from  three  to  four 
weeks.  Meek  records  a  lobster  that,  having  cast  on  September  12th, 
regained  its  hardness  of  shell  in  one  month. 

The  lobsters  in  the  Laboratory  were  not  eager  for  food  immediately 
after  the  moult.  The  food  was  shelled  mussels  usually,  with  fish 
occasionally.  The  integument,  once  it  became  stiffened,  remained  for  a 
long  time  more  or  less  pliable,  as  if  the  calcified  layer  of  the  shell  were 
poorly  developed.  Whether  the  slow  hardening  is  due  to  the  nature  of 
the  food  or  of  the  sea- water  is  not  known.  The  shells,  many  months 
after  the  cast,  were  deficient  in  lime  and  cut  easily  like  brown  paper. 

The  lobster  that  cast  on  September  22nd  1902  was  still  soft  to  the 
extent  that  the  integument  is  flexible  and  yields  to  pressure,  when  it 
died,  viz.  on  June  6th  1903.  Another  which  cast  about  the  midtUe  of 
August  was  fairly  hard  a  fortnight  later.  Three  lobsters  which  moulted 
in  July  1903,  and  one.  that  moulted  in  August  of  the  same  year,  were  in 
the  following  July  1904  still  softish  in  the  shell.  They  were  in  good 
condition,  for  two  of  them  cast  during  that  month.  The  fact,  then,  that 
their  shells  had  not  become  as  hard  as  that  of  the  lobsters  caught  in  the 
sea,  did  not  apparently  constitute  any  weakness  in  the  animals. 

A  female  which  cast  on  19th  October  1903  was  fairly  hard  on  December 
30th  1903.  One  of  the  casters  of  1904  was  kept  until  April  2Dd  1905, 
when  it  was  found  dead.  It  was  fairly  hard,  but  the  carapaces  and 
integument  of  the  abdomen  cut  easily  with  a  knife.  On  the  shell  there 
was  a  considerable  number  of  the  shells  of  an  annelid.  The  colour  of 
the  carapace  was  a  dull  black.  It  is  possible  that  the  food  supply  is  not 
sufficiently  varied  to  supply  all  the  materials  necessary  for  the  building- 
up  of  the  shell. 

One  of  the  lobsters  that  cast  in  July  1903  was  on  October  21st  1904 
not  very  hard.  It  was  found  dead  on  February  17th  1905,  and  it  was 
then  hard. 

A  female  lobster  cast  in  July  1904;  on  May  6th  1905  it  was  still 
rather  soft. 

The  shell  of  a  soft  lobster,  when  put  into  alcohol,  turns  red ;  the  colour 
of  the  hard  shell—  blue-black — is  not  affected  by  the  alcohol. 


Indications  op  Approaching  Moulting. 

When  the  stock  of  lobsters  was  examined  on  21st  October  1904  one  of 
the  lobsters,  a  female,  that  had  hatched  its  eggs  a  month  or  two  previously, 
attracted  attention.  The  carapace  was  raised  posteriorly  and  separated  a 
little  from  the  first  abdominal  joint ;  the  skin  between  the  carapace  and 
the  abdomen  was  bulged  out.  Ventrally  the  soft  parts  between  the  abdo- 
minal segments  were  turgid.  The  absorption  areas  on  the  chela  were  a 
deep  bright  blue,  and  yielded  a  good  deal  to  pressure,  showing  that 
absorption  of  the  calcare^ms  layer  had  been  going  on  there.  The  lobster 
was  separated  from  the  others,  and  it  cast  on  November  1st. 

0 
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On  29th  October  1904  a  female  cast.  It  had  been  isolated  a  short 
time  before.  It  was  then  very  limp,  and  half  dead  in  appearance.  It 
was  swollen  at  the  junction  of  the  carapace  with  the  abdomen,  and  some- 
what dropsical  in  appearance.     It  was  not  at  all  smart  with  its  chelae. 

Ehrenbaum  says  that  the  lobster  merchant  is  able  to  distinguish  a 
lobster  that  is  about  to  cast,  by  the  softening  of  the  ventral  edges  of  the 
carapace. 

Thb  Cast  Shsll. 

The  colour  of  the  dactyls  of  the  chel»  is  noticeable.  The  back  edge  of 
the  dactyl  is  clean  and  purple  in  colour,  and  tbe  pores  are  well  marked. 
The  cast  stomach  is  empty.  There  is  a  glairy  skin  under  the  carapace, 
and  united  to  the  membranous  lining  of  the  integument  of  the  abdomen. 
It  ruptures  easily,  and  is  often  found  sticking  out  as  a  fold  at  the  junction 
of  the  thorax  and  abdomen  Vitzou,  who  witnessed  the  moulting  of  the 
lobster,  describes  this  skin  as  a  homogeneous,  gelatine-like  layer,  which, 
under  the  microscope,  shows  no  cellular  structure.  It  is,  he  says^  a 
secretion  of  the  lower  layers  of  the  new  carapace ;  it  passes  out  by 
endosmose  to  lie  between  the  old  shell  and  the  new  integument.  Its 
presence  there  facilitates  the  casting. 

The  Soft  Lobster. 

The  soft  lobster,  when  just  cast,  is  extremely  soft  and  pliable ;  the  tip 
of  the  chela  can  be  made  to  touch  the  telson.  The  stomach  is  full  of 
little  ossicles,  which  are  derived  from  the  breaking-up  of  the  gastroliths. 
The  lobsters  at  the  Laboratory  very  often  failed  to  rid  themselves  of 
their  integument.     A  considerable  number  died  from  this  cause. 

A  lobster  that  moulted  on  September  22nd  1902  was  kept  in  one  of 
the  compartments  of  a  wooden  hatching  apparatus  until  October  14th 
1902.  When  in  the  wooden  box  it  had  not  eaten  food  (fish)  at  all 
eagerly.  It  was  at  the  latter  date  put  into  a  tank^  the  bottom  of  which 
was  covered  with  sand  and  gravel.  It  began  immediately  to  eat  small 
pebbles  and  gravel.  Hard  lobsters  also  have  been  occasionally  seen 
picking  up  coarse  gravel  with  the  pereiopods  and  putting  it  into  their 
mouths. 

When  a  lobster  casts  in  a  tank  in  which  there  are  otber  lobsters  it  is 
usually  attacked  by  them,  sometimes  before  it  has  finished  casting,  and 
it  is  sometimes  fatally  injured.  A  soft  lobster  occasionally  bleeds  to 
death  in  consequence  of  what  appear  to  be  comparatively  slight  wounds. 
On  July  15th  a  lobster  was  found  to  have  lost  both  cheln  in  moulting; 
it  had  been  attacked  and  had  cast  off  both  claws.  One  chela  was 
shrivelled  just  as  it  is  when  it  is  first  withdrawn  from  the  shell,  and 
before  it  has  swollen  out.  The  other  chela  had  swollen  out  to  its  full 
size.  Both  claws  were  cast  off  at  the  fracture  plane.  Couch  observed 
that  "the  rejection  of  the  limb  can  be  effected  with  tbe  same  ease 
while  the  crust  remains  soft  after  exuviation."  This  fact  militates 
against  the  view  that  strong  rigid  supports  are  necessary  round  the 
fracture  plane  to  permit  of  the  defensive  mutilation  on  the  part  of  the 
crustacean. 

In  another  case  a  hard  lobster  had  lost  one  chela,  and  the  other  bore 
the  scar  of  a  bite.  During  moulting  the  scar  prevented  ^e  withdrawal 
of  this  limb,  so  it  was  thrown  off  at  the  fracture  plane.  A  bud  had 
formed  in  place  of  the  previously  lost  limb,  and  after  the  cast  a  diminn* 
tive  chela  was  present;  the  hand  (propodite  and  dactylopodite)  measuied 
2  j  inches  long,  while  the  normal-sised  hand  measures  4  to  5  inches.    Brook 
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found  that  the  lost  smaller  pereiopods  were  reproduced  to  their  full  size 
after  one  cast. 

Rate  op  Gbowth. 

Costs*  stated  that  the  lobster  begins  to  reproduce  in  its  fifth  year. 
It  casts  from  eight  to  ten  times  in  the  first  year,  five  to  seven  in  the  second, 
three  to  four  in  the  third,  and  from  two  to  three  in  the  fourth.  After 
the  fifth  year  the  changes  are  only  annual. 

Recent  researches  on  the  rate  of  growth  of  the  European  lobster  by 
Appellor  are  summarised  in  a  recent  number  of  the  Fish  Trades  Gazette.^ 
A  lobster,  hatched  in  1900,  cast  on  20th  June  and  5th  September  1902, 
and  at  the  latter  date  measured  3^  inches  long.  In  the  following  year  it 
cast  on  22nd  June  and  21st  August,  its  length  then  being  4|  inches; 
it  was  then  three  years  old.  Another  lobster,  when  caught  in  1901, 
measured  4|  inches;  it  cast  twice  in  1902,  and  measured  7  inches.  In 
1903  it  cast  once,  and  was  then  8^  inches.  Appell6f  concludes  that  the 
lobster  on  the  west  coast  of  Norway  takes  six  or  seven  years  before  it 
reaches  a  length  of  8|  inches,  that  is  to  say,  maturity.  The  number  of 
casts  which  have  occurred  up  to  that  stage  is  17  to  19.  Meek  concludai 
that  the  lobster  is  9-10  inches  long  when  four  to  five  years  old. 

Herrick  considered  that  the  American  lobster  when  10  inches  long  was 
about  4J  years  old.  In  the  32nd  and  33rd  Reports  of  Commissioners  of 
Inland  Fisheries  of  Rhode  Island  certain  data  are  given  bearing  on  the 
rate  of  growth  of  that  lobster.  A  method  of  rearing  the  larvae  in  cloth 
bags  was  found  to  be  very  successful,  a  whirling  motion  was  maintained 
in  the  water  while  the  lobsters  were  in  the  zoea  condition.  Lobsters 
were  reared  from  the  zoea  condition  and  kept  until  over  two  years  old. 
The  following  are  the  average  sizes  at  different  ages : — 

3  months  old 
10        „ 

1  year 

2  years 
2  years  +  4  months 

The  Behaviour  op  the  Lobster. 

The  main  motive  of  a  lobster's  activity  is  defence— caution ;  and,  in 
defending  itself,  a  blind  unrelenting  vengeance  is  a  fitting  corollary.  It 
first  procures  a  hole  within  which  to  lie  waiting  for  its  prey,  and  to  which 
it  may  retire  after  a  foray.  Any  animal  that  appoaches  it  is  a  foe.  No 
animal,  lobster  or  other,  is  safe  to  approach  and  make  its  presence  known. 
In  this  highly  organised  form,  its  keenness  in  attack,  and  relentless  hold 
when  it  once  has  gripped  its  antagonist^  are  due  to  its  want  of  sight.  The 
want  of  sight,  in  its  true  sense,  in  the  lobster  and  crab  places  a  disability 
on  them,  and  reduces  the  effectiveness  of  animals  which  would  otherwise 
be  powerful  competitors  of  the  smaller  inhabitants  of  the  sea.  Herrick 
says  that  the  eye  of  the  lobster  is  so  sensitive  to  light  that  it 
cannot  bear  strong  light;  strong  light  blinds  it.  One  immediate 
difficulty  then  which  is  experienced  in  keeping  lobsters  in  confinement 
is  their  tendency  to  fighting,  which  usually  results  in  the  loss  of  a 
chela  to  one  of  the  combatants.     When  a  lobster  is  seized  by  its  big 

•  Vide  Buckland. 
t  July  9,  1904. 
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claw  it  very  often  has  to  yield  it  up,  whereupon  the  other  uncoDcernedly 
drops  it.     Lobsters  which  have  been  confined  together  show  many  traces 
of  the  attentions  that  have  been  paid  to  one  another.     The  chela  is,  in 
many  cases,  missing,  or,  if  it  persists,  has  one  or  more  scars  of  bites,  which 
had  crushed  through  the  shell     Very  few  of  the  lobsters  have  anything 
but  short  stumps  of  their  antennsB,  these  organs  having  been  snipped  off 
more  or  less  close  to  the  head  by  their  companions.     These  accidents 
usually  happen  when  the  lobsters  are  wandering  about  seeking  for  dark 
corners  and  sheltering  holes.     After  they  have  settled  down  in  their  holes 
they  stick  to  their  habitations  and  do  not  come  so  much  into  competition 
with  one  another.     When  they  are  first  introduced  into  a  tank  it  is  well 
to  have  the  big  claws  tied,  and  by  the  time  the  claws  work  free  their 
owners  will  have  settled  down  in  their  new  quarters.     If  there  is  suffi- 
cient accommodation  in  the  form  of  holes  of  inviting  darkness,  they  will 
soon  get  peacefully  distributed  ;  but  at  first  a  lobster  will  sometimes  try 
to  evict  one  lobster  from  the  hole  which  it  has  selected  as  its  abode.    One 
lobster  was  seen  to  yield  up  the  lecess,  which  was  immediately  taken 
possession  of  by  the  aggressor. 

On  each  occasion  when  the  tank  is  emptied  for  cleaning,  and  for  the 
purpose  of  examining  the  lobsters,  it  is  usually  necessary  to  disturb  the 
shelter-holes,  which  arc  formed  with  stones.  Wlien  the  tank  is  filled 
again  the  lobsters  do  not  seem  to  recognise  one  another  at  once.  They  go 
cautiously  about  seeking  shelter,  on  the  watch  for  foes  and  ready  to  fight 
any  lobster  they  may  meet.  Under  such  conditions,  then,  it  is  not 
surprising  that  chelae  are  lost,  or  some  other  injury  incurred,  before  they 
are  all  satisfied  as  to  hiding  accommodation.  When  they  settle  down  they 
allow  for  one  another's  presence  and  get  on  without  quarrelling.  This  is, 
of  course,  due  to  a  healthy  respect  which  they  have  for  one  another's 
fighting  powers.  The  truce  is  nothing  but  an  armed  neutrality.  If  any 
one  of  the  lobsters  loses  its  fighting  power  through  casting  its  shell,  it  is 
at  once  attacked.  And  that  occurs  in  cases  where  lobsters  have  lived 
together  for  months.  Four  lobsters  were  in  a  large  tank  undisturbed 
for  four  months.  When  the  tank  was  emptied  each  lobster  was  handled. 
Two  days  after  the  tank  had  been  refilled  the  chela  of  one  of  the,  inmates 
was  lying  loose  on  the  sand. 

More  especially  do  the  lobsters  take  advantage  of  any  one  of  their 
number  that  casts  its  shell.  Very  seldom  does  the  soft  lobster  escape 
without  serious  injury.  Female  lobsters  attack  a  soft  female.  The  male 
which  cast  in  November  1904  was  so  injured  by  the  female  which  was  with 
it  in  the  tank  that  it  bled  to  death.  How  a  male  would  act  towards  a 
female  that  cast  in  its  presence  was  not  indicated  during  the  experiments, 
as  that  case  did  not  occur. 

A  female  lobster  that  cast  on  July  13th  1904  had  a  hard  male  lobster 
introduced  into  the  box  in  which  it  was.  The  male  did  not  appear  to 
mind  the  listless  and  inactive  female ;  it  certainly  did  not  attempt  to 
grasp  it  or  fight  it.  On  July  19th  the  female  was  found  to  have  been 
bitten  in  the  cephalic  region  ;  one  chela  had  been  Jost  and  one  or  more  of 
the  remaining  pereiopods  bitten  off.  This  is  very  different  treatment  to 
that  meted  out  by  the  male  crab  to  the  moulted  female.  In  the  latter  case 
the  male  protects  her. 

The  extremely  defenceless  condition  of  the  soft  lobster  was  especially 
seen  in  one  case.  A  female  that  moulted  in  August  had  lost  both  cheke. 
It  was  kept  by  itself  until  October,  by  which  time  it  had  become  fairly 
hard.  A  lobster  that  had  just  cast  had  both  chelse,  but  was  very  soft. 
The  two  were  put  together  into  a  small  tank.  In  a  few  days  the  soft 
lobster  was  found  dead ;  its  antennae,  eyes,  and  part  of  one  chela  were 
^ten  off. 
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Peculiar  Action  of  a  Group  of  Lobsters, 

On  October  29th  the  four  female  lobsters  which  cast  during  the 
summer  were  very  restless.  They  were  walking  about  in  the  tank,  or 
standing,  as  it  were,  on  tip- toes,  and  having  the  abdomen  bent,  with  the 
edge  ot  the  telson  close  up  against  the  fifth  pereiopod.  Occasionally  they 
extended  the  abdomen  and  moved  the  swimmerets  backwards  and  forwards. 
The  male  lobster  which  is  with  them  was  also  out  of  his  hole,  standing  on 
tip-toes,  with  the  abdomen  extended  straight  out  and  moving  his 
swimmerets  actively.  The  lobsters  appeared  to  be  quite  friendly,  and 
did  not  attempt  to  bite  one  another.  The  supply  of  water  running  into 
the  tank  was  not  very  large  at  this  time.  Whether  this  had  in  any  way 
influenced  the  action  of  the  lobsters  is  an  open  question.  It  had  not 
been  observed  before. 

The  Senses  of  the  Lobster. 

The  lobster  when  it  walks  has  the  telson  turned  in  on  the  abdomen, 
and  it  marches  on  the  "  points  of  its  toes,"  backwards  as  well  as  forwards. 
It  is  practically  blind;  it  sees  nothing  properly,  at  least  that  is  the 
case  where  it  is  exposed  to  the  comparatively  strong  light  which 
during  the  day  illumines  the  tanks  in  the  Labomtory.  It  has 
simply  the  sensation  of  light  and  shadow.  It.  tests  a  shadow 
with  its  antennae,  or  sometimes  where  a  strong  shadow  is  thrown 
on  it,  it  jumps  at  it  with  its  chehe  outstretched  and  snapping.  It 
is  dependent  on  its  antennae  for  guiding  it  in  safe  places.  It  is 
especially  careful  in  testing  any  hole  before  it  is  satisfied  with  it.  It 
discovers  the  cavity  by  means  of  its  antenna,  which  is  waved  well  out 
to  the  side  and  in  front  as  it  walks.  It  searches  the  innermost  depths 
of  the  hole  with  the  antenna,  and  then  inserts  its  chela.  If  the  examina- 
tion with  the  chela  is  also  satisfactory,  it  immediately  turns  and  backs 
smartly  into  the  hole.  In  feeding  it  is  guided  to  the  food  by  the 
antennules.  A  piece  of  food  which  is  dropped  near  a  lobster  may  fall 
quite  unnoticed  unless  it  happens  to  touch  the  antenna  or  the  pereiopods. 
It  is  not  seen  at  all.  But  sooner  or  later,  according  as  the  distance  is 
short  or  great,  the  scent  of  the  food,  carried  by  the  currents  set  up  by  the 
exopodites  of  the  maxillipedes,  reaches  the  lobster.  The  lobster  is 
immediately  excited,  although  previously  it  was  lying  quite  inert  in  its 
hole.  It  whips  the  water  with  its  antennules  in  a  staccato  fashion,  and 
feels  about  with  the  antennse  and  chelae ;  at  first  without  leaving  its  hole. 
At  once  both  antennules  are  seen  to  be  whipping  in  the  direction  in 
which  the  food  is  lying,  and  an  active  search  is  made  with  the  antennae. 
If  they  do  not  succeed  in  locating  the  bait,  the  lobster  rather  reluctantly 
leaves  its  hole,  but  cautiously,  feeling  all  round  about  with  its  antennae. 
It  goes  off  straight  in  the  direction  in  which  the  food  is  lying,  and  if  it  misses 
it  with  its  antennae  and  chelae,  walks  over  it  and  gets  it  with  its  chelate 
pereiopods;  it  usually  picks  up  its  food  with  the  second  pereiopod. 
Meanwhile  the  expected  feast  has  by  association  stimulated  the  maxilli- 
pedes, which  are  actively  working  as  if  they  were  already  masticating  the 
food.  Once  the  food  is  seized  it  is  conveyed  to  the  maxillipedes,  and  the 
lobster  retreats  to  its  hole,  there  to  enjoy  its  meal.  Two  lobsters  were 
noticed  to  have  stored  up  in  one  case  some  mussels,  in  the  other  a  dead 
sand-eel  {Ammodytes  fobianus),  in  the  inner  recesses  of  their  caves. 

Effect  op  Cold  on  Lobsters. 

In  the  winter  the  lobsters  kept  in  the  tanks  of  the  Laboratory  became 
very  sluggish,  and  ate  very  little  if  any  food.  When  taken  out  of  the 
water  and  exposed  to  the  frosty  air  they  become  very  inert. 
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The  Effect  op  the  Exposure   of  the  Lobsters  to  Stbono  Light. 

A  number  of  lobsters  have  been  kept  out  of  doors,  in  tanks  which  were 
without  covering.  In  two  of  the  tanks  the  bodies  of  the  lobsters  were 
hidden  by  the  wooden  shelf  which  formed  the  common  roof  to  their  pens  ; 
one  large  concrete  tank  afforded  them  no  cover  whatever.  In  the  former 
the  antennae  of  the  inmates  were  exposed  to  direct  daylight,  and  they 
very  often  had  pieces  of  seaweed  and  smaller  ectozoa  growing  on  them 
during  the  summer.  Two  females  were  kept  in  the  concrete  tank  from 
the  autumn  of  1902  till  September  1903.  At  the  latter  date  they  were 
completely  covered  and  hidden  by  a  prolific  growth  of  seaweeds, 
Laminana  sp.,  young  mussels,  &c.,  which  completely  occupied  the 
dorsum  of  each  shell-fish  {vUle  fig.  73,  pi.  iv.).  The  covering  appeared 
to  be  of  some  inconvenience  to  the  lobster  in  walking.  While  the 
growth  of  the  seaweeds  was,  no  doubt,  directly  due  to  the  exposure  to 
daylight,  it  is  probable  that  it  was  permitted  by  the  host  as  a  shelter  in 
the  exposed  tank.  <The  shells  of  the  pair  were  clean  when  they  were 
put  into  the  tank.  Herrick  records  examining  a  number  of  lobsters 
which  were  adorned  with  more  or  less  extensive  collections  of  seaweeds 
and  other  ectozoa.  On  none  of  the  lobsters  captured  in  the  sea  and  sent 
to  the  Laboratory  was  there  any  coat  of  seaweed.  The  ectozoa  usually 
consisted  of  tubes  of  Serptda  sp.,  Balamia  sp.  One  of  the  two  cast  its 
shell  on  19th  October  1903,  and  a  drawing  has  been  made  from  the  cast 
shell  (fig.  73,  pi.  iv.).  It  lived  until  May  1904.  The  other  lobster  did 
not  cast,  but  remained  covered  with  seaweed  during  the  winter ;  it  also 
was  found  dead  in  May  1904. 

Body  Fluid. 

The  body  fluid  of  the  lobster  is  richly  albuminous.  It  is  colourless 
when  fresh,  but  soon  congeals  on  exposure  to  air  to  a  clear  jelly  with  a 
slightly  blown  tint.  Alcohol  (94  per  cent.)  causes  the  blood  to 
coagulate  at  once. 

Dissection. — Examination  of  the  Ovary. 

Almost  without  exception,  the  ovaries  of  the  lobsters  examined, 
measuring  9  inches  and  over  in  total  length,  were  found  to  contain  eggs  as 
large,  or  nearly  as  large,  as  ripe  eggs.  When  the  eggs  are  large,  yolked,  and 
approaching  ripeness  the  ovary  is  black  in  colour  ;•  the  eggs  themselves 
are  black,  although  the  yolk  is  really  a  very  dark-green  colour.  The 
ovary  turns  red  in  alcohol. 

The  lobsters  were  broadly  distinguished  as  (a)  beriied,  (b)  lobsters 
which  had  lately  hatched  their  eggs,  (c)  soft. 

(a)  Berried  Hens, 

(1)  December  21,  1904. — A  lobster  (from  Dunbar)  measured 
11^  inches  in  length.  The  shell  was  clean.  The  external  eggs  were  black, 
showing  no  pink-coloured  part,  simply  a  light-green  formative  pait.  The 
eggs  were  evidently  early.  The  ovary  was  white,  but  contained  green 
eggs  measuring  *4  and  *5  mm.  The  smaller  green  eggs  contained  simply  a 
core  of  green  yolk,  surrounded  by  a  periphery  of  white  yolk  (by  trans- 
mitted light).     The  oviducts  were  filled  with  a  greenish  fluid. 

(2)  February  19,  1905. — In  a  lobster  (from  Dunbar)  the  external  eggs 
were  well  advanced  ;  the  pink  area  was  about  one-fifth  of  the  whole  egg. 
The  ovary  was  large  and  black  in  colour. 
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(b)  Lobsters  which  tcere  not   carrying   eggs,    bid  tchich  had   hatched 
their  eggs  in  the  summer  preceding  the  date  of  examination, 

(1)  December  2,  1902. — Lobster  10  inches  long.  The  shell  was  dirty, 
encrusted  with  Serptda  sp.  Tlie  ovarian  eggs  were  large,  black,  oval  in 
shape,  measuring  1*5  x  1*3  :  1*4  x  1*3  :  1*35  X  1*3  :  1-46  X  I'Smm. 
There  wer»  also  rows  of  white  eggs  between  the  large  eggs.  The  ovary  is 
mottled  here  and  there  on  the  surface  with  yellow  bodies,  which  appear 
to  be  fat  masses. 

(2)  December  1,  1902. — The  ovary  of  another  adult  was  all  over 
externally  of  a  uniform  dull  black  colour. 

(3)  December  28,  1902. — A  lobster  measuring  10|  inches  in  total 
length  had  been  two  days  in  formaline  before  it  was  examined.  The 
ovaries  were  large,  black,  with  a  tinge  of  green.  There  were  some  white 
and  some  yellow  small  eggs  scattered  over  the  surface  between  the  large 
eggs.  The  large  black  eggs  measured  1*45  x  1*35  :  1*32  x  l*3mm. 
They  were  polygonal  in  shape,  and  stood  out  boss-like  on  the  surface  of 
the  ovary.  The  smallest  yolked  eggs  were  white,  the  intermediate  in 
size  yellow  ;  even  some  very  large  eggs  were  yellow.  The  yellow  colour 
was  probably  due  to  the  introduction  of  the  green  yolk  into  the  white  eggs. 
From  the  burst  eggs  it  was  seen  that  the  yolk  consisted  of  minute  green 
corpuscles,  and  also  a  large  quantity  of  colourless  fat  corpuscles.  The 
chorion  of  the  egg  is  very  thin  and  easily  ruptures.  There  were  a  few 
small  eggs  yellowish  white  in  colour  measuring  '8  x  '65mm.  The 
yellow  bodies  in  the  ovary  measured  about  1  x  •85mm.  The  outer 
skin  of  the  ovary  is  very  thin. 

(c)  Soft  Lobsters. 

(1)  A  lobster  that  hatched  its  eggs  in  the  summer  of  1903  cast  its 
shell  and  died  during  July  1904.  It  appeared  to  be  well  nourished. 
The  ovary  was  large ;  the  eggs  measured  1-75  x  1*4  :  1*7  :  1*65  X  1*4  : 
l*5mm.,  &c.  They  were  irregular  in  shape  and  very  soft.  A  portion 
of  the  ovary  was  cut  out  and  flicked  about  in  sea- water  with  a  camel  hair 
brush,  and  the  eggs  separated  easily  from  the  follicular  tissue,  in  which 
were  the  yellow  bodies  noticed  above. 

(2)  A  lobster  that  hatched  its  eggs  in  the  summer  of  1904  cast  its 
shell  in  September  1904.  It  was  killed  by  the  other  lobsters.  The 
ovary  wa<<  large,  dark-green  in  colour,  and  friable  ;  the  eggs  readily 
detached  themselves  from  the  delicate  follicular  membrane.  They  were 
irregular  in  shape,  and  measured  1-36  x  1*15  :  1*15  :  1*9  X  1*5  :  1*4  x 
1-35  :  1-35  X  1-25  :  l-3mm. 

(2-4)  Three  others  which  hatched  their  eggs  in  1904  cast  and  died  in 
October  1904.     In  each  the  ovary  was  large  and  the  eggs  apparently  ripe. 

(5)  Another  hatcher  of  1904  stock  was  found  dead  on  October  23rd 
1904.  The  ovary  was  large  and  full,  each  egg  being  sharply  separated 
off  from  the  others.  When  viewed  with  a  lens  the  surface  of  tiie  ovary  had 
a  honeycomb  appearance.  The  eggs  separate  readily  from  the  follicular 
tissue. 

(6)  A  sixth  of  this  lot  was  found  dead  on  November  16th  1904.  The 
ovary  was  large,  black,  with  apparently  ripe  eggs. 

(7)  A  1902  hatcher  cast  in  1903  and  also  in  July  1904;  it  died 
immediately  after  casting.     The  ovary  was  to  all  appearance  ripe. 

(8)  Another  1902  hatcher  cast  in  1903  and  lived  till  August  1904, 
when  it  was  killed.  On  dissection  it  was  found  to  be  in  apparently  good 
condition.  The  ovaries  were  large,  and  the  eggs  appeared  to  be  ready  for 
spawning. 
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(9)  A  third  specimen  of  the  1902  stock  which  had  cast  iu  1903  was 
kept  until  February  17th  1905,  when  it  was  found  dead.  The  ovary  was 
large  and  black.  The  eggs  appeared  to  be  ripe,  and  had  at  one  pole  a 
clear  green  cap. 

(10)  The  last  survivor  of  the  1902  lot  died  on  April  2i¥i  1905.  It 
had  cast  in  1903  and  also  in  1904.  The  ovary  was  large,  black ;  but 
otherwise  the  lobster  appeared  to  be  poorly  nourished. 

Habd  Lobstsb. 

A  lobster  which  was  not  berried  when  captured  was  dissected  on 
December  1st  1903.  It  measured  11  inches  in  length.  The  shell  was 
clean,  black.  The  ovary  was  black.  The  eggs  were  yolked,  but  only 
about  half  the  diameter  of  ripe  eggs.  The  eggs  separated  fairly  freely,  and 
measured  1  x  8  :  72  x  "65  : 1  x  ^mm.  These  were  black  yolked  eggs. 
There  was  also  a  considerable  quantity  of  white  eggs,  all  small  and  of 
various  sizes ;  the  largest  of  those  noticed  was  oval,  and  measured 
•45  X  •3mm. 

Meek  records  a  lobster  measuring  \\\  inches  in  length  which  hatched 
its  eggs  in  the  beginning  of  July  and  lived  till  September  12th  1901. 
The  ovary  was  dark  green,  and  was  well  developed.  It  exhibited  no  signs 
of  preparation  for  casting. 

Spawning. 

Of  all  the  adult  female  lobsters  which  have  been  kept  at  the  Laboratory 
during  the  past  three  years,  only  one  was  known  to  have  spawned.  Some 
of  those  which  were  from  time  to  time  dissected  had  ovaries  which  were 
practically  ripe.  The  lobsters  were  kept  for  longer  or  shorter  intervab. 
One  batch  of  females  which  were  berried  in  1902,  and  which  hatched 
their  eggs  in  the  summer  of  that  year,  were  represented  at  the  Laboratory 
till  April  1905.  No  member  of  this  group  showed  any  eggs  attached 
externally.  That  they  were  not  altogether  unhealthy  was  shown  by  the 
fact  that  they  nearly  all  moulted  once,  in  two  cases  twice,  daring  the 
period  named.  So  it  was  with  the  other  females ;  they  cast  readily,  but 
did  not  succeed  in  spawning,  or,  if  they  spawned,  the  eggs  did  not 
become  attached.  Moreover,  none  of  those  dissected  had  a  spent  ovary. 
In  the  case  of  the  adult  crabs  some  spawned,  but  in  one  or  two  of  these 
only  a  few  eggs  became  attached. 

The  lobster  which  became  berried  was  received  from  Dunbar  in 
December  1902,  at  which  time  it  was  not  berried.  It  cast  its  shell  on 
September  2nd  1903.  On  January  13th  1904,  when  it  was  examined,  it 
was  not  berried,  but  on  July  14th  a  small  quantity  of  e^gs  were  found 
attached  to  the  swimmerets.  The  eggs  were  early  and  apparently  jost 
spawned ;  they  were  dark-green  with  a  clear  graimlar  area  on  one  side. 
This  lobster  was  not  with  a  male  lobster  when  it  spawned.  On  October 
2l8t  1904  there  were  only  two  eggs  remaining  attached,  and  when  it 
was  examined  on  November  19th  1904  the  remaining  two  had  dis- 
appeared. 

As  to  the  time  when  spawning  takes  place,  Ehrenbaum  gives  the 
period  covering  July,  August,  and  probably  September.  Fullarton 
obtained  lobsters  with  very  eariy  eggs — yolk  nnsegmented — between 
July  18th  and  August  25th.  Herrick  says,  for  the  American  lobster,  that 
the  definite  spawning  season  is  the  summer,  July  and  August,  but  that  a 
minority  extrude  their  eggs  in  the  fall  and  winter,  if  not  also  in  the 
spring.  Allen  obtained  females  with  freshly  extruded  eggs  during  the 
latter  half  of  July.      Appellof  agrees  with  the  period  anuoanced  by 
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Ehrenbaum,  but  extends  it  to  the  middle  of  October.  Meek  found  newly- 
spawned  lobsters  in  July  and  August.  The  lobster  which  spawned  during 
Cunningham's  experiments  in  Cornwall  did  so  in  October,  and  Scott's 
specimen  extruded  its  eggs  during  the  same  month  at  Piel  Laboratory. 

There  is  thus  indicated  an  extended  spawning  season,  including  the 
months  of  July,  August,  September,  and  October.  It  may  be  that  there 
are  here  two  distinct  groups  of  spawneis — summer  and  autumn  spawners — 
the  first  including  lobsters  that  were  not  berried  during  the  winter 
immediately  preceding,  while  the  autumn  spawners  are  those  which  were 
berried  during  the  winter,  hatched  their  eggs  in  the  summer,  and  extruded 
another  batch  of  eggs  in  the  autumn. 

The  question  whether  or  not  the  European  lobster  may  carry  external 
eggs  two  years  in  succession  does  not  arise,  Cunuingham*8  observation, 
confirmed  later  by  Scott's  description  of  the  process,  having  demonstrated 
that  possibility.  As  for  the  American  lobster,  Herrick  maintains,  in  a 
later  work,  the  position  taken  by  him  on  this  question  in  1895.  He 
founds  his  contention  that  the  American  lobster  does  not  carry  eggs 
externally  two  years  in  succession  on  the  condition  of  the  ovary  in  various 
lobsters  which  had  lately  hatched  the  eggs.  He  maintains  that  the  ovary 
requires  two  years  to  develop  to  ripeness. 

The  factors  which  determine  the  spawning  of  the  lobster  are  obscure. 
It  is  remarkable  that  only  one  lobster  spawned  in  the  Laboratory, 
although  in  several  cases  the  ovaries  of  specimens  which  were  dissected 
were  apparently  ripe.  The  rate  of  development  of  the  ovary  is  dependent 
on  some  factor  that  is  not  apparent.  The  ovaries  referred  to  would 
probably  have  been  completely  ripe  in  a  short  time.  The  complete 
ripening  seemed  to  be  inhibited  by  some  influence,  which  might  have 
been  the  absence  or  insufficiency  of  male  lobsters.  Even  where  a  male 
lobster  was  present  with  the  female  spawning  did  not  take  place,  and 
when  the  one  lobster  spawned  no  male  was  present.  Otherwise  the 
lobsters,  it  may  be  inferred,  were  under  comparatively  suitable  conditions, 
for  there  was  an  uniformity  shown  in  their  history  while  in  confinement. 
Moulting  was  common.  What  is  the  reason  for  the  abstention  from 
spawning?  The  artificially-supplied  food  may  have  induced  growth 
rather  than  reproduction. 

The  lobster  may  spawn  the  same  year  in  which  it  has  cast  its  shell. 
Trybom's  experiments*  in  labelling  lobsters  in  order  to  determine  their 
migrations  indicated  two  females,  measuring  8|  inches  long,  liberated  in 
June,  had  in  November  cast  their  shells  and  spawned ;  they  then  measured 
a  little  over  9  inches  in  length. 

The  actual  modus  of  spawning  has  been  described  by  Coste,  Scott,  and 
others. 

Ehrenbaum  describes  a  condition  of  the  lobster  which  follows  when  a 
ripe  lobster  has  been  prevented  from  spawning.  The  eggs  are  absorbed 
and  the  blood  becomes  dark  green  or  black  in  colour.  The  dark  blood 
shows  through  at  certain  parts  of  the  body  and  the  lobster  is  known  as  a 
black  lobster.  Lobsters  in  this  condition  are  found  among  those  con- 
fined in  floating  boxes.  The  ovaries  are  much  reduced  in  size,  and  the 
majority  of  the  eggs  have  lost  the  green  yolk,  and  have  become  of  a 
yellowish  colour. 

The  Ripe  Egg  aihd  the  Formation  of  the  PeriviteUi7ie  Space, 

The  ripe  egg,  newly  spawned,  was  measured  by  Scott  and  found  to  be 
I'Smm.  in  diameter. 

•Fish  Trades  OazetU,  July  80,  1904. 
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During  the  examination  of  the  ovaries  of  the  lobster  no  case  was  found 
in  which  the  eggs  showed  a  perivitelline  space  when  in  the  ovary.  Laige 
ovarian  eggs,  however,  as  a  rule,  develop  a  perivitelline  space  if  left  some 
time  in  sea- water.  A  lobster  that  cast  on  July  9th  1904  died  five  days 
later.  The  ovarian  eggs  measured  1*75  x  1*4  :  1*7 :  1*65  x  1*4 :  l*5mm. 
The  eggs  were  teazed  out  in  sea-water  and  two  or  three  hours  afterwaids 
showed  considerable  perivitelline  spaces.  The  space  usually  shows  more 
on  one  side  than  on  the  other ;  it  is  clear  and  colourless. 

A  lobster  that  hatched  its  eggs  in  the  summer  of  1904  and  cast 
immediately  afterwards  was  dead  on  October  2drd  1904.  Some  ovarian 
eggs  were  separated  and  put  into  sea-water.  An  hour  afterwards  the 
^SfS^i  io  ii^ost  cases,  showed  a  more  or  less  well-marked  perivitelline  space. 
Next  morning  the  eggs  kept  in  the  sea-water  overnight  had  very  large 
perivitelline  spaces.    The  eggs  were  yellow — dead. 

The  egg  of  the  lobster  has  two  envelopes: — (1)  Outside — the  chorion. 
(2)  Within  the  chorion,  and  closely  applied  to  the  egg — the  vitelline 
membrane.  This  envelope  is  well  seen  sometimes  when  a  perivitelline 
space  has  been  developed  in  sea-water. 

The  External  Eggs. 

When  the  eggs  are  just  spawned  they  are  of  a  deep  greenish  black 
in  colour,  with  a  little  clear  area  at  one  pole.  As  development  proceeds, 
the  clear  area  becomes  pink  in  colour,  and  by  the  month  of  October  in 
some  lobsters  the  future  limbs  and  the  black  pigmented  eyes  were  already 
made  out.  The  transparent  pink  area  steadily  grows  larger  at  the 
expense  of  the  black  yolk,  until,  when  the  eggs  are  nearly  ready  to  hatch, 
the  black  yolk  may  be  reduced  to  half,  or  even  much  less,  of  the  mass  of 
the  egg.  The  black  yolk  occupies  the  cephalic  and  gastric  regions  in  the 
larva. 

The  external  eggs  measured  on  May  17th  were  of  the  following 
dimensions :— 2-2  x  2:  215  x  21:  21  x  2  05:  225  x  1*95:  225  X 
2:  215  X  2:  2*1 :  21 :  1*95  x  1*9:  l'95mm.  The  eggs  are,  for  the 
most  part,  oval.  They  were  well  developed,  the  pink  area  being  about 
one-fifth  of  the  whole  mass  of  the  egg.  In  some  of  the  eggs  examined  in 
June  the  black  yolk  had  disappeared  ;  most  of  the  eggs  showed  a  large 
mass  of  black  yolk. 

When  ready  to  hatch,  the  eggs  are  of  various  colours,  viz.  transparent 
pink,  transparent  blue,  transparent  green,  except  for  the  black  area 
which  marks  the  yet  unused- up  yolk.  The  largest  eggs  show  the  least 
black  area;  in  them  the  black  has  practically  disappeared.  The  eggs 
increase  greatly  in  size  before  hatching,  and  at  that  time  it  is  difiicult  to 
dissect  them  off  the  swimmerets  without  rupturing  the  zona  radiata. 
The  following  measurements  of  various  eggs  were  made  in  August  1902; 
the  eggs  were,  as  a  rule,  distinctly  oval  in  shape : — 

Pink   egg,^  2-5mm. ;    pink  eggs,  28  x   1-95:  24   x   2*15:  2-35  x 
2-25mm. 

Egg,  blue  and  yellow,  25  x  245:  ♦S^  x  255:  *2-9  x  2-4mm. 

Egg,  deep  blue,  2*35  x  2'3mm. 

Egg,  red,  2*05  x  1-9:  ♦2-9  x  26:  *315  x  28:  2*8  x  2-6mm. 

In  the  last  egg  the  heart  of  the  embryo  was  seen  beating. 

The  Nxvniber  of  External  Eggs, 

Buckland  calculated  the  number  of  eggs  borne  by  a  female.  He  first 
counted  the  number  on  one  foot  and  from  that  deduced  the  total. 
This    was    24,960    eggs.       Ehrenbaum    found    that    the    larger   the 

*  Zona  ruptured. 
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lobster  the  larger  the  number  of  eggs  which  it  carried.  A  lobster  10 
inches  loDg  had  8000  eggs,  while  oue  15  inches  in  length  bore  32,000. 
Herrick  found  in  the  American  lobster  that  the  number  of  eggs  varied 
from  3000  to  70,000.  The  eggs  of  two  lobsters  were  estimated  at  the 
Laboratory  in  the  following  manner: — They  were  snipped  off  the 
swimmcrets  and  dried  in  a  water-bath.  A  small  portion  was  detached 
and  weighed,  the  number  of  eggs  in  it  was  counted,  and  the  total 
number  was  got  from  the  total  weight.  One  measuring  11^  inches  in  length, 
11,300  eggs,  while  the  other,  12^  inches  long,  had  the  same  number. 

It  is  remarkable  that  so  small  a  number  of  fry  was  obtained  from  the 
parent  lobsters  kept  in  the  Bay  of  Nigg.  This  is  partly  accounted  for 
from  the  fact  that  a  greater  or  less  quantity  of  the  eggs  is  lost  when  the 
berried  hens  are  handled,  and  during  transport.  This  does  not,  however, 
seem  sufficient  to  account  for  the  whole  of  the  shortage. 

Hatching. 

Hatching  occurred  at  the  Laboratory  during  July,  August,  and  Sep- 
tember. The  earliest  larvae  appeared  about  the  middle  of  July,  the 
majority  hatched  in  August,  and  a  few  in  September. 

According  to  Coste*  hatching  takes  place  in  March,  April,  and  May. 
Allen  records  that  hatching  took  place  in  one  instance  in  March.  Fabre^ 
Domergue,  and  Bi^trixt  observed  the  hatching  of  the  lobster,  and 
describe  the  process  in  detail.     The  larvsB  issue  early  in  the  night. 

The  whole  brood  of  any  one  female  does  not  hatch  out  at  once,  but 
over  a  period,  the  larvae  issuing  in  two  or  more  batches  (vide  Goste,  Herrick, 
and  Fullarton).  The  incubation  period,  according  to  Ehrenbaum,  Herrick, 
and  Fullarton,  is  about  eleven  months.  During  an  incubation  period  so 
extended  it  is  to  be  expected  that  a  certain  variation  will  have  occurred 
in  the  point  of  development  reached  by  different  eggs.  This  would  result 
in  spreading  the  hatching  of  the  eggs  over  a  period  which  probably  does 
not  usually  exceed  a  fortnight  or  three  weeks.  The  first  larval  lobsters 
were  observed  on  July  11th,  and  one  of  the  females  was  found  to  have 
hatched  all  her  eggs  on  August  2nd.  The  larvae  usually  appeared  in 
the  morning. 

Mbasurembnts  of  thb  Lobsteb. 

Occasionally  lobsters  are  measured  by  the  length  of  their  barrels,  i.e.  of 
the  carapace,  from  the  extremity  of  the  rostrum  to  the  hind  border.  In 
several  cases  the  relation  between  the  total  length  and  the  length  of  the 
barrel  has  been  noted,  and  the  data  are  entered  below. 


Total  Length  of  Lobster. 

Length  of  Barrel. 

$     9|  inches. 
?  lOi      „ 

?  11     „ 

$  Hi    „ 

12i     „ 
<J  13       „ 

4j^  inches, 
5|        „ 

♦  Vide  Buckland. 
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I.,  la.,  II.,  IIL,  "  IV."=Fir8t  to  "  Fourth  "  Zo^  Stages. 

1,    2,   3,   4,   5,   6,  7=  Joints  of    Limb,  viz.  (1)  CoxoiKKiite,   (2)   Basipodite, 
(3)  IschioiKxlite,  (4)  Meropodite,  (5)  Car^Mpodite,  (6)  Propodite,  (7)  Dactylo]K)dite. 


a. — Antennule. 
A. — Antenna. 
ah. — Abdomen. 
en. — Endopbdite. 
ep. — Epipwite. 
«x.— Exopodite. 
Ir. — Labrum. 
Im.— First  maxilla. 


2m, — Second  maxilla. 

Mn. — Mandible. 

mp.  — Maxillipcdc. 

o.  — Eye. 

1-5  per. — First-Fifth  Pereiopods. 

Pleo.  — Pleopod. 

y.— Telson. 

r*.— Thorax. 
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Fig.  18.  Palp  of  mandible,   ......  .  x  120 
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Fig.  20.  PropcKlitc  and  dactyloixxlite  joints  of  the  chela  (first  pereiopod),  .  x  62 
Fig.  21.  Propodite  and  dactylopodite  joints  of  the  second  pereiopod. 

Fig.  22.  Second  pereiopod,  .            .            .            .            .            .  .  x  19 

Fig.  23.  Eldge  of  endo|)odite  of  the  first  maxillipede,           .            .  .  x  175 
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Fig.  25.  First  protopodite  joint  of  the  third  pereiopod,       .            .  •  x  62 

Fig.  26.  First  protopodite  joint  of  the  third  pereiopod  (second  view),  •  x  62 

Fig.  27.  First  maxilla,         ....  .  x  62 

Fig.  28.  Protopodite  of  the  chela  (first  pereio]iod),  .            .            .  .  x  88 

Fig.  29.  Second  maxillipede,            .            .            .            .            .  •'  x  S9 

PLATE  II. 

Fig.  30.  Abdomen,  zoea,  first  sta^e,  ventral  view,  9=gan^lion,     .  .      x        19 

Fig.  31.  Abdomen,  2nd  and  8rd  joints,  zoea,  first  stage,  side  view,  .      x        44 

Fig.  32.  Abdomen,  2nd  and  3rd  joints,  zo§a,  stage  la,  side  view,  .  .      x        19 

Fig.  33.  Abdomen,  5th  joint,  zo^,  second  stage,  ventral  view,      .  .      x        19 

Fig.  34.  Propodite  and  dactylopodite  joints  of  the  fourth  pereiopod,  zo^ 

first  stage,       .  .  .  .  .  .  .      x        62 

Fig.  35.  Telson,  zoea,  third  stage,  ventral  view,     .  .  .      x        19 

Fig.  36.  Cast  4  th  pleopod  of  zoea,  third  stage,        .  .  .  .      x        88 

Fig.  37.  A1)domen,  3ra  and  4th  joints,  zo^,  third  stage,  .  •  .      x        19 

Fig.  38.  Protopodite  joints    of  first  pereiopod,   zo^,    "fourth"  stage, 

2a  +  2&—2ud  protopodite  joint,  .  .  .  .      x        88 

Fig.  39.  Protopodite  joints  of  second  pereiopod,  zoea,  **  fourth  "  stage,       magnified. 
Fig.  40.  First  protopodite  joint  of  fourth  pereiopod,  zoi^,  first  stage,  magnified. 

Fig.  41.  Sctce  of  hind  border  of  telson,  zoea,  first  stage,      .  .  magnified. 

Fig.  42.  Fifth  i>ereiopod,  zoea,  first  stage,  .  .  .  •  •     x        19 

Fig.  43.  Firat  pereiopod,  zo^,  '* fourth"  stage. 
Fig.  44.  Protopodite  joints,    first  (1),   second  (2a +  26),  en=endopodite, 

ca5=exopodite,  zoea,  "fourth"  stage. 
Fig.  45.  Protopodite,  first  joint,  fifth  pereiopod,  zoea,  first  stage. 
Fig.  46.  Telson,  zoea,  la  stage,        .... 
Fig.  47.  Abdomen,  side  view,  zoea,  first  stage. 
Fig.  48.  Telson,  zoea,  second  stage,  a=anus, 
Fig.  49.  Side  of  thorax,  zoea,  first  stage,  showing  the  arrangement  of  the 

gills. 
Fig.  50.  AMomen,  zoea,  first  stage,  dorsal  aspect. 

Fig.  51.  Third  pleopod,  zoea,  **  fourth "  stage,        .  ,  .  .     x       67 

Fig.  52.  Propodite  and  daotyloiK>dite  joints  of  fifth  pereiopod,  zo^  first 

stage,  .  .  .  .  .     X        62 

Fig.  53.  Fourth  pereiopod,  zo6a,  first  stage,  .  .  .  .     x        19 

Fig.  54.  First  protopodite  joint,  fourth  pereiopod,  zoea,  first  stage,  .     x       63 

Fig.  55.  One  of  the  serrated  spines  on  propodite  of  fourth  pereiopod,  zote, 

first  stage. 
Fifij.  56.  Telson,  zo6a,  **  fourth "  stage,  ventral  view,  .     x       11 
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PLATE  III. 

Fig.  57.  Telson,  megalons.     All  the  setie  are  not  tilled  in, 

Fig.  58.  Fracture  end  of  first  pereiopod,  megalops. 

Fig.  59.  Protopodite  joints  of  first  fiereiopod,  first  young  stage, 

Fig.  60.  Proto})odite  joints  of  first  pereiopod,  first  young  stage  (second 

view),  .... 
Fig.  61.  Fifth  pereiopod  (part  of),  megalops, 
Fig.  62.  Secona  pereiopod  ({lart  oOi  megaiops, 
Fig.  63.  Telson,  megaiops,  side  view, 
Fig.  64.  Telson,  first  young  stage,  dorsal  view. 
Fig.  65.  First  pereiopod,  first  young  stage, 
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PLATE  IV. 

Fig.  66.  Zoea,  first  stage, 

Fig.  67.  Zoea,  la  stage. 

Fig.  68.  Zoea,  second  stage, 

Fig.  69.  Zoea,  third  stage,    . 

Fig.  70.  First  young  stage,  . 

Fig.  71.  Zo6a,  **  fourth '^stago. 

Fig.  72.  Megaiops,    . 

Fig.  73.  Adult  lobster  covered  with  growth  of  seaweeds,  mussels,  &c., 
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111.— OBSERVATIONS  ON  SOME  PARASITES  OF  FISHES 
NEW  OR  RARE  IN  SCOTTISH  WATERS. 

By  Thomas  Scott,  LL.D.,  F.L,S.,  Ac. 

Plates  V.  and  VI. 


In  Part  III.  of  the  Twenty-second  Annual  Report  of  the  Fishery  Board 
for  Scotland,  I  published  a  small  paper  on  some  parasites  of  fishes  new  to 
the  Scottish  marine  fauna.  Since  the  issue  of  that  paper  several  other 
rare  and  interesting  species  have  been  examined,  and  these  I  now  propose 
to  describe. 

The  species  to  be  described  belong  for  the  most  part  to  the  Copepoda ; 
but  there  are  also  five  species  belonging  to  the  Trematoda.  As  these 
parasitic  Copepoda  and  Trematoda  are  quite  distinct  groups,  my  observa- 
tions on  them  are,  as  in  the  previous  paper,  divided  into  two  parts,  viz.. 
Part  I.  Copepoda  parasita,  and  Part  II.  Trematoda. 

I  have  been  indebted  for  several  of  the  species  described  here  to  Dr. 
H.  C.  Williamson ;  Mr.  Bowman  and  Mr.  Irvine  have  also  obtained  a 
few  interesting  species  for  me.  Canon  A.  M.  Norman  has  also  allowed 
me  the  privilege  to  examine  one  or  two  rare  Copepoda  in  his  collection, 
sent  to  him  many  years  ago  from  the  Moray  Firth  by  the  late  Thomas 
Edward  of  Banff. 

My  son,  Andrew  Scott,  A.L.S.,  has  prepared  the  drawings  which 
illustrate  this  paper. 

PART  I.— COPEPODA  PARASITA. 

Family  EnoAsiUDiE. 
Genus  Bomolochus,  Nordmann  (1832). 

Romolochus  solea',  Claus. 

This  species  of  Bomolochvs  has  quite  recently  been  obtained  in  the 
nostrils  of  Gadus  luscus,  .which  adds  another  to  the  number  of  fishes  now 
known  to  harbour  these  Copepods  in  their  nostrils.  It  was  in  the  nostrils 
of  Gyclopterm  lumpus  that  the  first  specimens  were  observed,  early  in 
1900,  but  soon  afterwards  they  were  obtained  in  the  nostrils  of  some  other 
fishes,  and  notably  in  those  of  the  cod  Gadus  morhua^  where  they  appear 
to  be  of  quite  frequent  occurrence.  The  fishes  in  whose  nostrils  the 
copepods  have  been  most  commonly  obtained  are  those  belonging  to  the 
gadidae.  The  following  are  the  names  of  the  fishes  :—  CyrJoptems  lumpus 
L.,  the  Lumpsucker.  Gadus  morrhua  L.,  the  Cod-fish.  Gadus  a^glefinus 
L.,  the  Haddock.  Ga/liis  merlangus  L.,  the  Whiting.  Gadus  luscutt  L., 
the  Brassie.  Gadus  pollaehius  L.,  the  Lythe.  Molua  molva  L.,  the 
Ling.  Pleuronectes  platessa  L.,  the  Plaice,  and  Pleuronectes  flesus  L., 
the  Flounder.  Baniolochus  solece  was  first  found  on  the  back  of  the 
common  Sole— Solea  vulgaris^  Quen. 
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Fam.  Calioid^. 
Genus  Caligus,  O.  F.  MuUer  (1786). 

*Caligii8  abbr&viatus,  Kroyer.     PI.  v.,  figs.  1-6. 

1863.  Cah'gtis  abbreviattiSy  Kr.,  Bidrag  til  Kuiidskab  om 
Synltekrebsene ;  Naturh.  Tidsskr.,  2R.,  2B.,  p.  61,  pi.  iii., 
fig.  3,  a-k. 

Description  of  the  Female. — The  Female  represented  by  the  drawing, 
(fig.  1)  measures  5mm.  (^  of  an  inch).  The  cephalic  shield  is  nearly 
circular  in  outline,  but  is  rather  widest  behind  the  middle;  the  width  of 
the  frontal  plate  is  scarcely  half  the  width  of  the  cephalic  shield  at  the 
widest  part ;  lunulte  very  clearly  defined.  Abdomen  and  furcal  joints 
very  short,  as  represented  in  the  drawing. 

The  antennules  have  the  basal  joints  robust  and  broadly  sub-triangular, 
but  the  end  joints  are  long  and  narrow  (fig.  3). 

The  second  maxillipeds  are  robust,  and  form  powerful  grasping  organs 
(fig.  5). 

The  sternal  fork,  which  is  moderately  stout,  and  the  branches  of  which 
are  not  greatly  divergent,  has  a  resemblance  to  the  same  appendage  in 
Lepeophtheiras  Thompsoni,  Baird  (fig.  4). 

The  fourth  pair  of  thoracic  legs  are  elongated;  the  basal  joint  is 
moderately  stout  and  one-branched ;  this  branch  is  slender  and  composed 
of  two  joints,  and  the  end-joint  is  about  twice  the  length  of  the  first,  and 
is  armed  with  a  long,  slender  and  olaw-like  terminal  spine  and  a  short 
spine  near  the  distal  end  of  the  outer  margin;  the  first  joint  is  also 
furnished  with  a  spine  on  the  outer  distal  angle  (fig.  6). 

Habitat. — On  a  Ballan  Wrass,  Ldbrus  bergyUa,  captured  in  the  Moray 
Firth  in  October  1904,  and  on  another  fish  of  the  same  species  captured 
in  the  North  Sea.  Kroyer  also  obtained  his  specimens  of  the  Galigua  on 
the  Ballan  Wrass. 

A  young  specimen  representing  the  Chdlimus  stage  of  this  Caligus  is 
represented  by  figure  2,  and  was  obtained  along  with  the  adult  form.  In 
this  specimen  the  siphon  is  still  present,  showing  a  somewhat  dilated 
and  biarticalated  base ;  the  antennule^are  composed  of  two  short  subequal 
joints,  the  cephalic  shield  is  elongate-ovate  in  outline,  and  the  abdomen 
is  very  short  The  frontal  plate  slopes  posteriorly,  and  the  development 
of  the  lunulae  is  considerably  advanced. 

Ccdigus  minimtis,  A.  W.  Otto. 

1828.     CaligtM  minimus^  Otto,  Nova  Acta  Acad.  Csea.  Leop., 

vol.  xiv.,  p.  354,  pi.  xxii.,  fig.  7. 
1840.     Caligus  minutuSf  M.  Edw.,  Hist.  Nat.  Cnist.,  vol.  iii, 

p.  450. 
1901.     Ccdigus  minimus,  A.  Scott,  Trans.  Liverpool  Biol.  Soc., 

vol.  XV.,  p.  349,  pi.  i.,  figs.  1-8. 

Habitat, — On  a  Bass,  Labrax  lupus,  captured  above  Queensferry  on 
February  4,  1903.  This  appears  to  be  the  first  record  of  0.  minimus 
for  the  Forth  district. 

*  This  Rpecies  closely  resembles,  and  is  probably  identical  with,  Caligua  cen  trodonli. 
Baird.    {qf.  Brit.  Entom.,  p.  272-3,  Tab.  xxzii.,  figs.  6,  7.) 
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Genoa  Pseudoealigus,  A.  Scott  (1901). 

PseudocaliguB  brevipedis  (Bassett-Smith). 

1896.     Caligus  hremped%$^  Bassett-Smith,  Ann.  and  Mag.  Nat. 

Hist.  (6),  vol.  zviii.,  p.  11,  pi.  iii.,  fig.  1. 
1901.     Paeudocaligus  brevipedis,  A.  Scott,  Trans.  Liverpool  Biol. 

Soc.,  vol.  XV.,  p.  360,  pL  ii.,  iSgs.  1-4. 

Habitat. — Found  attached  to  the  base  of  the  tongue  of  a  Three-bearded 
Rockling,  Onos  tricirratus,  captured  at  the  mouth  of  the  River  Dee, 
Aberdeen,  November  23,  1904.  Eight  specimens  of  a  Bomoloehus, 
probably  B,  anosi,  were  also  found  on  the  same  fish  adhering  to  the  gills 
and  gill-arches. 

Oenus  LepeopJUJieirus,  Nordmann  (1 832). 

Lepeaphiheirus  eturiaiiis,  Kroyer.     PI.  v.,  figs.  7-14. 

1837.     LepeopMheirus  eturionis,  Kr.,  Tidsskrift,  i.,  Tab.  vL,  fig.  6. 

Description  of  the  female. — The  female  of  this  species  has  a  general 
resemblance  to  that  of  Caligus  diaphanue,  Nordmann,  but  is  much  larger, 
being  fully  half  an  inch  in  length  (about  14mm.). 

The  cephalic  shield  is  nearly  circular  in  outline,  and  the  frontal  plate, 
which  is  not  very  prominent,  is  without  lunuise. 

The  last  thoracic  segment  is  considerably  shorter  than  the  cephalic 
shield,  and  is  only  slightly  longer  than  broad. 

Abdomen  moderately  narrow  and  elongated,  being  equal  to  nearly 
three-fourths  the  length  of  the  last  thoracic  segment,  Furcal  joints  very 
short  (fig.  7). 

The  basal  joints  of  the  antennules  are  considerably  dilated,  and  the 
end  joints  though  short  are  also  tolerably  stout  (fig.  8). 

Antennse  robust  and  armed  with  a  large  and  strong  claw,  the  distal  end 
of  which  is  bent  at  nearly  a  right  angle,  as  shown  in  the  drawing  (fig.  9). 

The  mandibles  resemble  those  of  X.  pectoralie,  O.  F.  Miiller. 

The  basal-joint  of  the  second  maxillipeds  is  moderately  stout  and 
elongate,  and  armed  with  a  short  but  strong  terminal  claw  (fig.  11). 

The  "  palpi,"  though  slightly  dilated  at  the  base,  have  the  sides  nearly 
parallel,  and  the  two  branches  of  the  bifid  extremity  are  tolerably 
elongated  (fig.  10);  the  small  appendage  at  the  bases  of  the  palpi  bear 
each  one  moderately  large  spine  and  two  small  ones,  as  shown  in  the 
drawing. 

Sternal  fork  very  stout  and  with  triangularly  divergent  branches 
(fig.  12).» 

Fourth  pair  of  thoracic  legs  stout,  each  with  a  single  three-jointed  branch; 
the  outer  distal  angle  of  the  first  joint  in  each  branch  terminates  in  a 
small  tooth,  a  stout  spine  springs  from  the  outer  distal  angle  of  the 
second  joint,  while  the  end  joint  is  armed  with  three  terminal  spines  of 
varying  lengths  (fig.  13). 

The  short  ^rcal  joints  bear  a  few  small  apical  setse  or  spines  (fig.  14). 

Habitat. — Taken  from  a  Sturgeon,  Adpenser  sturio,  Linn.,  captured 
about  16  miles  S.E.  by  £.  of  Aberdeen,  and  landed  at  the  Fish  Market, 
Aberdeen,  on  December  29,  1904.  I  am  indebted  to  Mr.  Bowman, 
Aberdeen,  for  thit;  addition  to  the  marine  copepod  fauna  of  Scotland. 

*  Kroyer  in  Natiirh.  Tidsskr.  1  Band  (1837),  PI.  vi.,  fig.  66,  shows  the  ends  of  the 
branches  of  the  sternal  fork  slightly  bifid ;  but  the  fig^o  in  Natorh.  Tidsskr.  S  R., 
2  B.  (1863),  PI.  zvii.,  fig.  4,  represents  the  sternal  fork  of  another  form  bluntly  pointed 
at  the  ends,  and  with  which  oiir  fignre  is  identical. 
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Genus  Dichdestium^  J.  F.  Hermann  (1804). 

Diehelesfium  sturionis,  Hermann.     PL  v.,  figs.  17-24 ;  pL  vi.,  figs.  1-6. 

1804.     Dichdeatium  sturionis,   Herm.,   Mem.   Apt6rologique,  p. 

125,  Tab.  v.,  figs.  7-8. 
1837.     Diehdestium  sturionis,  Kroyer,  Naturh.  Tidsskr.,  Ist  B., 

p.  299,  Tab.  ii ,  figs.  5  and  5a  (J). 

Description  of  the  Female. — The  length  of  the  female  represented  by 
the  drawing  (pi.  vL,  fig.  1)  is  17 '8mm  (nearly  f  of  an  inch).  Body 
elongated  and  narrow  ;  cephalic  segment  nearly  as  broad  as  long,  widest 
behind  the  middle,  sides  angulated,  truncate,  and  obscurely  trilobed  in 
front.  Thoracic  segments  four,  first  and  second  subequal,  length  equal  to 
about  half  the  breadth,  and  narrowly  rounded  at  the  sides ;  third  seg- 
ment rather  shorter  than  the  one  which  follows,  and  each  with  a  shallow 
transverse  suture  that  divides  it  into  two  slightly  unequal  portions. 
Genital  segment  narrow,  and  about  one  and  a  half  times  the  length  of 
the  one  which  immediately  precedes  it ;  the  ultimate  segment  ovate,  small, 
being  scarcely  half  the  length  of  the  genital  segment.  Furcal  joints 
short.     Ovisac  long  and  slender  (pi.  vi.,  fig.  1). 

Antennules  short,  slender,  and  apparently  composed  of  eight  subequal 
joints  (pi.  v.,  fig.  17). 

Antennae  robust,  extremities  chelate,  and  forming  powerful  grasping 
organs  (pi.  v.,  fig.  18). 

The  mandibles  resemble  those  of  CcUigus  or  Lepeoptheirus  very  closely, 
but  differ  in  having  a  stouter  basal  part,  and  in  the  long  slender 
rod-like  portion  being  only  three- jointed,  the  last  joint  being  coarsely 
serrated  on  the  inner  edge  (pi.  v.,  fig.  20). 

Maxillse  small,  two-branched ;  primary  branch  stout,  tapering  distally 
and  furnished  with  two  slender  apical  setae ;  secondary  branch  very  small 
(pi.  v.,  fig.  21). 

The  first  maxillipeds  appear  to  be  three-jointed.  The  first  joint, 
which  is  large  and  tolerably  dilated,  is  about  as  long  as  the  next  two 
combined ;  the  distal  end  of  the  second  joint  is  fringed  with  short 
bristles,  and  the  end  joint,  which  is  very  small,  is  furnished  with  a  short 
terminal  claw,  and  a  few  small  marginal  spines  are  shown  in  the  drawing 
(pi.  v.,  fig.  22). 

The  second  maxillipeds,  short,  very  robust  and  strongly  chelate  (pi.  v., 
fig.  23). 

The  thoracic  legs  are  short  and  stout.  The  first  and  second  pairs  are 
two-branched.  The  branches  of  the  first  are  indistinctly  two-jointed,  and 
the  outer  branches  are  furnished  with  a  small  spine  on  the  out^r  distal 
angle  of  the  first  joint,  while  the  end-joint  bears  five  moderately  stout 
spines  on  its  rounded  extremity;  the  inner  branches  bear  each  two 
terminal  spines  (pi.  vi.,  fig.  3).  The  second  pair  are  rather  more  dilated 
than  the  first,  and  both  branches  are  similarly  armed  (pi.  vi.,  fig.  3). 

The  fourth  pair  is  composed  of  a  single  uniarticulate  branch  in  the 
form  of  an  elongated  lamelliform  plate  which  bears  a  few  minute  teeth 
round  the  distal  end  (pi.  v.,  fig.  24). 

The  male,  which  resembles  the  female,  but  is  considerably  smaller, 
being  scarcely  half  an  inch  in  length,  and  the  genital  segment  is  also 
proportionally  shorter  (pi.  vi.,  fig.  2) ;  there  is  also  a  difference  in  the 
second  and  fourth  pairs  of  thoracic  legs,  as  shown  in  the  drawing  (pi. 
vi.,  figs.  5  and  6).  In  other  respects  the  male  is  very  similar  to  the 
female. 
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HabitcU. — Taken  from  a  storgeon,  AcipeiMer  eturio,  captured  about 
16  miles  S.E.  by  E.  of  Aberdeen  and  brought  into  the  Aberdeen  Fish 
Market,  December  29,  1904.  The  same  species  of  Diehdestium  has  also 
been  found  by  my  son,  Andrew  Scott,  on  the  gills  of  a  sturgeon 
captured  near  Barrow-in-Furness,  Lancashire.  I  am  indebted  to  Mr. 
Bowman  of  Aberdeen  for  this  further  addition  to  the  marine  copepod 
fauna  of  Scotland. 

The  structure  of  the  mouth  organs,  and  especially  of  the  mandibles, 
indicates  a  close  relationship  of  Die/ielestium  with  the  Caligidie. 

Genus  AntJiosoma,  Leach  (1816). 

Anthosoma  crassum  (Abilgaard).      PI.  v.,  figs.  15  and  16. 

1794.      CcUigus  crassua,  Abgd.,  M^m.  de  Copenhagen,  Act,  Soe. 

Nat.  Hayn. 
1837.     Anthosoma  Smithi,  Kroyer,  Naturh.  Tidsskr.,  1st  B.,  p. 

295,  Tab.  ii.,  figs.  2  and  2a  ($). 
1850.     ArUJiosoma  Smithi^  Baird,  Brit.  Entom.,  p.  296,  pl.  zxxiiL, 

fig.  9. 
1861.     Anthosoma  crassum^   Steenstrup  and  LUtken,  Bidrag  til 

Kundskab,  p.  397,  pl.  xxii.,  fig.  24  (d). 

This  interesting  species  was  found  on  a  shark,  supposed  to  be  a 
Porbeagle  shark,  Lamna  comvhicay  captured  off  the  coast  of  Scotland  by 
one  of  the  trawling  steamers  that  make  only  short  runs  from  Aberdeen. 
The  steamer,  which  captured  the  shark  in  October  1904,  is  one  of  those 
belonging  to  Mr.  Davidson,  Aberdeen,  and  is  locally  known  as  a  "  short 
tripper."  Two  specimens  of  the  Anthosoma  were  obtained ;  one  of  them 
is  a  female  with  ovisacs,  the  other,  which  is  smaller,  is  probably  a  male. 
The  drawings,  figures  15  and  16  on  plate  v.,  represent  a  dorsal  and 
ventral  view  of  the  female.  This  specimen  measured  about  15  millimetres 
exclusive  of  the  ovisacs,  and  about  62  millimetres — nearly  2^  inches — to 
the  extremity  of  these  appendages. 

The  female,  which  is  tolerably  elongated,  appears,  when  seen  jrom 
above  to  be  of  an  ovate  outline ;  it  is  narrow  in  front,  and  a  brownish 
horny  shield,  which  gradually  expands  towards  the  posterior  end,  covers 
the  head  and  a  considerable  portion  of  the  thorax ;  an  obscure  constric- 
tion marks  the  junction  of  the  head  with  the  thorax ;  two  large  foliaceous 
elytraform,  circular  plates,  the  inner  margins  of  which  partly  overlap  each 
other  on  Uie  dorsal  aspect,  cover  entirely  the  remaining  portion  of  the 
thorax  not  covered  by  the  dorsal  shield,  and  also  the  abdomen  and  furcal 
joints.  These  plates  are  ornamented  by  numerous  minute  scattered 
punctures  or  depressions,  as  shown  in  the  drawing  (fig.  15^. 

The  antennules  are  short,  slender,  and  composed  of  six  joints  which  are 
very  sparingly  setiferous;  but  the  antonnad-^described  by  Baird  as  the 
first  pair  of  footjaws — are  strong  and  powerful ;  they  are  longer  than  the 
antennules  and  composed  of  three  joints,  and  armed  with  strong,  terminal, 
hook-like  claws. 

The  first  maxillipeds  are  slender  and  feeble,  and  appear  to  consist  of 
three  joints ;  they  are  provided  with  a  small,  terminal,  claw-like  spine. 

The  second  maxillipeds  are  short,  very  stout  and  powerfully  clawed. 

The  thoracic  legs  are  in  the  form  of  thin  and  broadly  foliaceous  plate, 
each  having  a  distinct  notch  on  the  inner  margin. 

The  abdomen  is  short  and  the  furcal  joints  narrow  and  moderately 
elongated,  as  in  figure  16,  which  shows  the  ventral  aspect  of  the 
specimen. 

The  shield  is  of  a  chitinons  texture,  of  a  brownish  colour  on  the  sides, 


of  the  Fishery  Board  for  Scotland.  113 

but  merging  into  blackish  brown  along  the  middle  and  towards  the 
proximal  end  ;  the  eljtraform  plates  and  thoracic  feet,  which  also  appear 
to  be  chitinous,  are  whitish  with  a  slight  tinge  of  yellow. 

I  am  indebted  to  Mr.  Irvine  for  the  opportunity  of  examining  and 
describing  this  interesting  species. 

Drs.  Steenstrup  and  LUtken  in  the  work  referred  to  above  give  a 
series  of  excellent  figures  illustrative  of  the  structure  of  the  male  of 
Anthosoma,  and  it  would  appear  from  the  description  and  figures  of  these 
authors  that  the  large  foliaceous  and  elytraform  dorsal  plates  which  cover 
the  posterior  part  of  the  female  are  absent  in  the  male. 

FaM.    LiRNiEIDiE. 

Genus  PenneHu,  Oken. 

Pennella  JUosa  (Linne). 

1754.     PennaitUa  Jilosa^  Linn.,  Syst.  Nat.  et.  Amosn.  Acad.,  vol. 

iv. 
1767.     Peniiatulafilosa,  Linn.,  Syst.  Naturae,  Ed.  12,  vol.  ii.,  pp. 

13-22. 
1870.     Pennella  Orthagorisci,  E.  P.  Wright,  Ann.  and  Mag.,  Nat. 

Hist.  (4),  vol.  v.,  p.  42,  pi.  1. 

The  Rev.  Canon  A.  M.  Norman,  to  whom  I  am  often  indebted  for 
information  and  help  in  Natural  History  research,  has,  with  his  usual 
kindness,  permitted  me  to  examine  a  specimen  of  this  curious  copepod 
parasite  which  he  received  many  years  ago  from  the  late  Thomas 
Edward  of  Banff,  who  found  it  on  a  short  sunfish,  Orthagoriscus  mola^  in 
the  Moray  Firth.  The  species  is  recorded  in  Smiles'  Life  of  Edward, 
among  the  many  other  Natural  History  rarities  mentioned  at  the  end  of 
that  work,  under  the  name  of  Pennella  fibrosa,  Linnieus  in  his  12th 
Edition  of  Systema  Naturae,  referring  to  the  host  of  Pennella  filosa,  says, 
'*  Habitat  in  M.  Mediterranei  Xiphiis." 

Genus  Lemcea,  Linne  (1767). 

Lemcea  lusei,  Bassett-Smith.    PI.  vi.,  ^g,  18. 

1896.     Lernoia  luset,  Basse tt- Smith,  Ann.  and  Mag.  Nat.  Hist. 

(6),  vol.  xviii.,  p.  13,  pi.  iv.,  fig.  6. 
1904.     Lemcea  lusci,  T.  Scott,  22nd  F.B.  Kept.,  Pt.  III.,  p.  277. 

pi.  xvii.,  fig.  12  and  13. 

A  Lemcea  apparently  belonging  to  this  species  was  found  adhering  to 
a  small  Oadus  luecus  sent  to  the  Laboratory  from  the  fish  market  at 
Aberdeen  on  January  12,  1905.  The  various  species  belonging  to  the 
genus  Lemcea  fix  themselves  to  the  gills  or  gill-arches  of  the  fishes 
infested  by  them,  but  the  specimen  now  recorded  had  its  head  buried 
in  the  flesh  of  the  fish  some  distance  behind  the  operculum,  as  shown  in 
the  drawing  (fig.  18).  This  is  the  first  example  of  the  kind  I  have  met 
with. 

Fam.  Chondraoanthidic. 
Genus  Sphyrian,  Cuvier  (1830). 

Sphyrion  lumpi,  Kroyer. 

1863.     Lesteira  lumpi,  Kr.,  Bidrag  til  Rundskab,  Nat.  Tidsskr., 
BR.  2  B^  p.  325,  Tab.  xviii.,  fig.  5,  a-g. 
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Sphyrion  lumpi,  T.  Scott,  19th  F.B.  Rept.,  R.  III.,  p.  128,  vol. 
vii.,  fig.  13. 

A  fine  specimen,  the  most  perfect  I  have  seen  of  this  curious  species, 
was  presented  to  me  by  Mr.  Irvine  of  Aberdeen ;  it  was  obtained  by  him 
on  one  of  a  number  of  catfishes,  Anarrhicaa  lupusy  landed  at  Aberdeen 
Fish  Market  from  a  Norwegian  trawler.  The  fishes  were  captured  in 
about  200  fathoms,  and  therefore  beyond  the  limits  of  the  Scottish  area. 
An  imperfect  specimen  was  taken  from  a  Lumpsucker  captured  in  April 
1900  in  the  nets  of  the  salmon  fishers  near  the  Laboratory  at  Bay  of 
Nigg,  Aberdeen,  and  is  described  and  figured  in  Part  III.  of  the 
Nineteenth  Annual  Report  of  the  Fishery  Board  for  Scotland. 

Grenus  Chondracanthus^  De  la  Roche  (1811). 

Chondracanthus  depressus^  sp.  n.     PI.  vi.,  figs.  7-13. 

Description  of  the  Female. — This  species  resembles  in  its  general 
appearance  the  CJiondracanthusflurce  of  the  Long  Rough  Dab,  Drepanop- 
setta  pMessoidea,  but  it  is  more  depressed.  The  cephalon,  which  is  sub- 
quadrangular,  is  scarcely  as  long  as  broad,  the  next  two  segments  are  also 
wide  and  very  short,  while  the  last  thoracic  segment  is  distinctly  con- 
stricted in  the  middle  and  very  depressed ;  it  is  broader  in  proportion  to 
its  length  than  the  same  segment  in  Chondracanihus  flurWf  being  about 
as  broad  as  it  is  long.  The  postero-lateral  processes  are  somewhat  narrow, 
cylindrical,  and  sigmoid,  and  curved  inward  so  as  to  approach  close  to  each 
other,  and  sometimes  overlap  (fig.  8).     The  abdomen  is  very  short. 

The  specimen  represented  by  the  drawing  (fig.  7)  measures  about  5  mm. 
(•j^  of  an  inch),  exclusive  of  the  ovisacs,  which  are  tolerably  short  and 
thick. 

The  antennules  are  short  and  very  robust ;  they  are  simple  in  structure  ; 
and  the  distal  extremity,  which  appears  to  be  obscurely  jointed,  bears 
scattered  apical  spinules  (fig.  9). 

The  antennae  are  somewhat  similar  to  those  of  CTumdracanthus  eomutus. 

The  mandibles,  which  are  stout,  moderately  elongated,  and  strongly 
curved,  taper  gradually  to  the  attenuated  distal  extremity  ;  they  are  each 
armed  with  a  row  of  small  but  moderately  stout  denticles  along  each 
margin,  as  shown  in  the  drawing  (fig.  10). 

The  first  maxillipeds  are  greatly  dilated  at  the  base,  and  the  terminal 
joint,  which  is  also  stout,  tapers  to  a  blunted  apex,  the  internal  margin 
is  coarsely  toothed  on  the  distal  half  (fig.  11). 

Thoracic  feet  two  pairs,  short,  stout,  and  bifid,  or  with  two  rudi- 
mentary branches  ;  both  branches  are  stout,  but  the  outer  is  shorter  and 
scarcely  so  much  dilated  as  the  inner.  Though  the  first  pair  are  as  robust 
as  the  second  they  are  scarcely  so  long ;  the  two  branches  in  both  pairs  are 
covered  more  or  less  with  minute  prickles,  as  shown  in  the  drawings  (figs. 
12  and  13). 

Habitat, — On  the  gills  of  the  Flounder,  Pleuroneetes  flesus,  captured  in 
the  Firth  of  Forth  and  St.  Andrews  Bay. 

This  form  differs  from  any  of  the  species  previously  described  by  the 
very  short  anterior  thoracic  segments  and  by  the  last  segment  being 
depressed  and  of  a  broadly  quadrif  orm  outline,  as  well  as  by  the  structure 
of  the  thoracic  legs. 

A  form  which  appears  to  be  a  variety  of  the  species  just  described,  and 
which  has  also  been  observed  on  the  same  kind  of  fi!sh,  differs  in  being 
rather  more  elongated  and  less  depressed.  The  antennules  are  larger, 
^th  a  slightly  different  armature ;  the  two  pairs  of  thoracic  legs  are  also 
larger  and  more  robust,  and  the  inner  branches  more  distinctly  triangular 
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in  outline.  Only  one  or  two  specimens  of  this  form  have  yet  been 
observed,  and  as  it  resembles  ChondracanthtLs  depresms  in  some  respects 
I  record  it  for  the  present  as  variety  oUongvs  of  that  species  (see  figs. 
U-17,  pi.  vi.). 

FaM.    LKRNiBOPODIDA. 

Genus  Brachidla,  Cuvier  (1817). 
Brachiella  triglce,  Glaus 

1901.    BrachieUa  triglce,  T.  Scott,   19th  F.B.  Rept,  Pt.  III., 
p.  133,  pi.  vii.,  figs.  24-29. 

^ai^i/a^.— Obtained  on  the  gills  of  a  Streaked  Gurnard,  Trigla  linecUa^ 
captured  at  Station  YIII.,  Firth  of  Forth,  in  September,  1897,  but  only 
now  recorded.     The  Forth  is  a  new  station  for  this  species. 


PART  II. 

On  somb  Spboies  of  Trbmatoda  not  previously  recorded. 

The  ecto- parasitic  vermes  of  fishes  are  not  uncommon,  but  as  many  of 
them,  and  especially  of  the  Tromatoda,  are  of  small  size  and  more  or  less 
flattened,  and  as  their  colour  approximates  closely  to  that  of  the  fishes  on 
which  they  live,  they  are  readily  missed  when  the  fishes  are  being 
examined. 

There  is  evidently  a  considerable  variety  of  forms  among  these  Tre- 
matodes.  That  some  of  them  are  elegant  in  outline  as  well  as  in  structure 
is  shown  by  the  beautiful  drawings  in  MM.  van  Beneden  and  Hesse's 
work,  Recherches  8ur  les  Trematodes  Marina, 

In  the  following  notes  I  record  a  few  curious  forms  exhibiting  some 
peculiarities  of  structure  which  differ  somewhat  from  those  described  in 
previous  papers  on  these  organisms,  published  in  Part  III.  of  the  Annual 
Reports  of  the  Fishery  Board  for  Scotland  for  1895,  1901,  1902,  and 
1904.  I  also  give  at  the  end  of  the  present  paper  a  list  of  all  the  species 
recorded  in  these  various  Reports. 

TREMATODA. 

Fam.  Poltstomatid^. 

Genus  Pkyllocotyle,  van  Benden  and  Hesse  (1863). 

Phyllocotyle  gumardi^  van  Beneden  and  Hesse.     PI.  vl,  figs.  19  and  20. 

1863  Phyllocotyle  gumardi,  v.  Ben.  and  Hesse,  Rech.  sur  les 
Tr6m.,  p.  103,  pi.  x.,  fig.  1-7  (not  Phyllocotyle  gumardiy  T. 
Scott  in  Part  III.  of  the  19th  Report,  p.  147,  pi.  viii., 
fig.  23). 

Under  this  name  I  record  a  species  of  Trematode  found  on  the  gills  of 
specimens  of  the  Grey  Gurnard  {Trigla  gvmardus,  Lin.)  from  the  Moray 
Firth. 

The  body  of  this  Trematode  is  lanceolate,  very  flat,  and  moderately 
slender  at  the  anterior  end,  but  becomes  wider  posteriorly  ;  the  distal  end 
is  rounded,  and  furnished  on  the  ventral  aspect  with  six  marginal 
suckers  of  moderate  size  and  of  a  rather  complicated  structure — three 
on  each  margin ;  an  elongated  process,   slender  and  narrow,  and  with 
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parallel  sides,  springs  from  the  roanded  end ;  this  process  is  armed  at  the 
extremity  with  four  hooked  teeth,  the  two  outer  teeth  are  large  and 
strong,  with  an  expanded  base,  but  the  other  two  are  smaller  and  more 
slender  (Gg.  20). 

According  to  the  authors  of  the  Reeherches^  this  species  when  extended 
measures  about  5  mm.,  but  in  the  specimen  represented  by  the  drawing 
(pi.  vL,  fig.  19,  of  this  paper),  the  body  is  considerably  contracted  in 
length,  and  is  consequently  wider,  the  peduncle  at  the  posterior  end, 
which  when  fully  extended  is  very  slender  and  narrow,  is  iJso  shortened 
in  the  specimen  figured.  This  peduncle  is  very  fragile,  and  is  therefore 
occasionally  incomplete,  and  for  that  reason,  and  also  because  it  can  be 
folded  back  under  the  body  of  the  animal,  it  may  at  times  easily  escape 
being  noticed. 

Oenus  Plectanocotyle,  Diesing. 

PlectanocotyU  Lorenzity  MonticellL 

1899.  PUctanocotyU  Lorenzii,  Monticelli,  Di  una  nova  Specie  del 
genre  Plecianocotyle ;  Atti.  R.  Acad,  delli  Sci.  di  Torino, 
vol.  xxxiv.,  p.  1,  pi.  1  (separate  copy). 

1901.  PhyUocotyh  gumardi,  T.  Scott,  19th  F.B.  Rept.,  Pt.  III., 
p.  147,  pi.  viii ,  fig.  23. 

A  Trematode  recorded  by  me  under  the  name  of  Phyllocotyle  gumardi 
in  the  Nineteeth  Annual  Report  of  the  Fishery  Board  for  Scotland 
(1901),  was  afterwards  recognised  as  belonging  to  a  species  described  by 
Dr.  F  R.  Say.  Monticelli  two  years  previously  under  the  name  mentioned 
above. 

This  PledanocMyle  had  been  obtained  by  Dr.  Lorenz  some  years  before 
on  a  species  of  Qurnard,  Trigla  sp.  The  slender  posterior  peduncle,  so 
characteristic  of  PhyUocotyle  gumardi^  is  apparently  absent  in  Pleciano- 
cotyle, The  Scottish  specimens  from  Trigla  gumarduB  were  examined 
by  Dr.  F.  R.  Say.  Monticelli,  and  recognised  by  him  as  belonging  to  the 
species  he  had  described  in  1899.  ^ 

As  already  pointed  out,  the  peduncle  in  PhyUocotyle^  being  so  slender 
and  fragile,  is  easily  damaged,  and  when  it  gets  torn  ofip  or  folded  under 
the  body,  and  when  the  body  is  shortened  by  contraction — a  contingency 
not  uncommon  when  fishes  infested  by  the  parasites  are  preserved  in 
spirit  or  formaldehyde — the  one  Trematode  may  easily  be  mistaken 
for  the  other. 

Genus  Microcotyle,  van  Beneden  and  Hesse  (1863). 

MicrocotyU  donavani\  van  Beneden  and  Hesse.     PI.  vi.,  fig.  21. 

1863.     Mierocotyle  donavani,  v.    Ben.  and  Hesse,   Recherches, 
p.  114,  pi.  xii.,  figs.  1-11. 

This  species  was  found  on  the  gills  of  a  Ballan  Wrasse  (Labrus 
hei'gyltUy  Ascan.),  obtained  by  Dr.  H.  C.  Williamson  in  the  Moray  Firth 
on  October  23,  1904,  and  also  on  a  Ballan  Wrasse  captured  in  the 
North  Sea  by  Mr.  Bowman. 

The  species  is  narrow  and  elongated,  and  at  the  posterior  end  there  is 
a  row  of  small  suckers  along  each  margin  ;  the  number  of  suckers  in  each 
row  appears  to  vary  to  a  small  extent.  In  the  specimen  represented  by 
the  drawing  (fig.  21)  the  number  in  each  row  is  about  thirty-four. 

Mierocotyle  donavani  does  not  appear  to  be  a  rare  form ;  the  authors 
of  the  Re^^ierchss  state  that  it  has  been  found  in    abundance  on  the 


of  the  Fishery  Board  for  Sootland. 


117 


same  species  of  Lahrus  in  the  month  of  March.  Several  specimens  were 
found  on  the  gills  of  the  Lahrus  from  the  Moray  Firth  and  from  the 
North  Sea,  but  none  were  very  perfect.  This  species  of  Microcotyle  is 
not  only  very  slender,  but  is  aJso  without  consistence,  and  therefore 
easily  injured.  The  length  of  the  specimen  represented  by  the  drawing 
is  5*3mm.  Figure  22  is  a  front  view  of  one  of  the  suckers  seen  under 
a  moderately  high  magnification. 

Microcotyle  labi-acis^  van  Beneden  and  Hesse.  PI.  vi.,  fig.  21. 

1863.      Microcotyle  labradSj    v.  Ben.    and   Hesse,  Kecherches, 
p.  112,  pi.  xii.,  figs.  12-18. 

This  species  has  a  general  resemblance  to  M.  donavani^  but  differs  in 
possessing  about  double  the  number  of  suckers  at  the  posterior  end 
[Gq.  21).  The  structure  of  the  oesophagian  bulb  also  differs  in  the  two 
species. 

The  length  of  the  specimen  represented  by  the  drawing  is  about  7mm. 

Habitat, — On  the  gills  of  the  Bass,  Labrax  lupus,  I  am  indebted  to 
my  son  for  specimens  of  this  species. 

Fam.  Gyrodactylid^. 

Genus  LHplectanumf  Diesing  (1858). 

Dipleclanum  cequans,  Diesing.     PI.  vi.,  fig.  24. 

1858.     Diplectanum  cEquanSy  Diesing,  Revis.  der  Myzhelm.,  p.  77. 

1863.     Diplectanum    cequans,   v.    Ben.   and  Hesse,  Kecherches, 
p.  122,  pi.  xiii.,  figs.  9-22. 

This  Trcmatode  is  common  on  the  gills  of  the  Bass,  Lalrrax  lupus,  but 
being  very  small  it  is  easHy  missed.  The  length  of  the  specimen  repre- 
sented by  the  drawing  (fig.  24)  is  about  2mm. 

In  Diplectanam  cequans  the  head  is  armed  with  two  moderately  strong 
hooked  spines  on  each  side  of  a  deeply  concave  cleft ;  this  cleft  is  occupied 
by  a  process  thickly  covered  with  minute  prickles,  as  shown  in  the 
drawing. 

I  am  indebted  to  my  son  for  this  small  but  interesting  species. 

The  following  is  a  list  of  species  belonging  to  the  Trematoda  that  have 
been  described  or  recorded,  and  for  the  most  part  figured,  in  Part  III.  of 
the  Annual  Keports  of  the  Fishery  Board  for  Scotland.  The  species  now 
recorded  are  included  in  the  list.  The  names  are  arranged  in  alphabetical 
order. 


Name  of  the  Species. 


Acanthocotyle  monticellii,  T.  Scott, 
AnfJiocotyle  merlueciiy  v.  Ben.  and  Hesse, 
Callocotyle  Jcroyeri,  Diesing, 
Dactycotyh  pollachii,  v.  Ben.  and  Hesse, 
Dipl-pctanum  wiqwins,  Diesing,     - 
Epidella  hippoglossi,  0.  F.  Miiller, 
Ueterocotyle  pastiiiacas,  T.  Scott,  - 
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Part  in, — Twenty-third  Annual  Bepori 


Name  of  the  Species. 


ti 


II 
II 
II 


Microcotyle  donavani^  v.  Ben.  and  Hesse, 

„  labracis,  „ 

Octohothrium  aloace  (Hermann), 

esniarkiiy  T.  Scott,  - 
harengi,  v.  Ben.  and  Hesse, 
scombri,  Euhn, 
meiiangi,  Kuhn, 
Onchocotyh  appendictdata,  Kuhn, 
PhyUocotyle  (jurnardi,  v.  Ben.  and  Hesse, 
PhylloiieUa  soleie,  „ 

^Plectanocotyle  lorenzi,  Monticelli, 
Pterocotyle  niorrhtuB,  v.  Ben.  and  Hesse, 

„         jmlmata,  Leuckart, 
Thaumatocotyle  concinna,  T.  Scott, 
Tristoma  molcH,  Blanchard  - 
TroclioptLS  lineattiSf  T.  Scott, 
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*  Described  in  1901  as  Phyllocotyle  gumardi. 


DESCRIPTION  OF  THE   PLATES. 


PLATE  V. 


CaHgua  abbrevkUus,  Krdyer. 


Fig.  1.  Female,  dorsal  view 

Fig.  2.  Female,  young     . 

Fig.  3.  Antennule 

Fig.  4.  Sternal  fork 

Fig.  5.  Second  maxilliped 

Fig.  6.  Foot  of  fourth  pair 


LepeopfUheirus  aturioniSf  Kroyer. 

Fig.  7.  Female,  dorsal  view 

Fig.  8.  Antennule 

Fig.  9.  Antenna  . 

Fig.  10.  One  of  the  "  palpi " 

Fig.  11.  Second  maxilliped 

Fig.  12.  Sternal  fork 

Fig.  13.  Foot  of  fourth  pair 

Fig.  14.  Last  segment  oi  abdomen  and  furcal  joints 


Antho»oma  crassum,  Abgld. 


Fig.  15.  Female,  dorsal  view 
Fig.  16.  Female,  ventral  view 
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Dichelestium  aturionis^  Hermann. 


Fig.  17.  Antennule,  female 

Fig.  18.  Antenna,  female  . 

Fig.  19.  Antenna,  male 

Fig.  20.  Mandible 

Fig.  21.  Maxilla    . 

Fig.  22.  First  maxilliped,  female 

Fig.  23.  Second  maxillipcd,  female 

Fig.  24.  Fiot  of  fourth  pair,  female 
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PLATE  VI. 
Dicheiestium  sturionis,  Herm. 


Fig.  1.  Female,  dorsal  view 

Fig.  2.  Male,  dorsal  view 

Fig.  3.  Foot  of  first  pair,  female 

Fig.  4.  Foot  of  second  pair,  female 

Fig.  5.  Foot  of  second  pair,  male 

Fig.  6.  Foot  of  fourth  pair,  male 


Chondracanthus  depreMua,  sp.  n. 


Fig.  7.  Female,  dorsal  view 

l?Mg.  8.  Posterior  appendages  of  same 

Fig.  0.  Antennule 

Fig.  10.  Mandible. 

Fig.  1 1.  First  niaxilliped  . 

Fig.  12.  Foot  of  first  pair 

Fig.  13.  Foot  of  second  pair 


Chondracanthus  deprttfttutty  var.  ohlotiyus. 

Fig.  14.  Female,  dorsal  view        .... 

Fig.  15.  Antennule  ..... 

Fig.  16.  Foot  of  first  pair  .... 

Fig.  17.  Foot  of  second  pair         .... 

Lemeoi  luoci,  Bassett-Smith. 
Fig.  18.  Gadus  lucus  with  parasite  in  situ 


Trematoda. 

Fig.  19.  Phyllocotylt  gumardit  v.  Ben.  and  Hesse 

Fig.  20.  Extremity  of  peduncle  of  the  same 

Fig.  21.  Microcotyh  danatHinif  v.  Ben.  and  Hesse 

Fig.  22.  The  same — one  of  the  posterior  suckers 

Fig.  23.  Microcotyle  labracisy  v.  Ben.  and  Hesse 

Fig.  24.  DipUctanum  cequanSj  Diesing     . 
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IV.— REPORT  ON  THE  OPERATIONS  AT  THE  MARINE 
HATCHERY,  BAY  OF  NIGG,  ABERDEEN,  IN  1904.  By 
Dr.  T.  Wemyss  Fulton,  F.R.S.E.,  Superintendent  of  Scientific 
Investigations. 


During  the  season  of  1904  the  operations  at  the  Marine  Hatchery 
were  continued  in  connection  with  the  hatching  of  the  ^gs  of  the  plaice, 
as  in  previous  years,  and  a  number  of  lobst^  were  siao  dealt  with. 
The  hatching  apparatus  and  the  various  ponds  in  connection  with  the 
establishment  continue  to  perform  the  work  for  which  they  were 
intended  in  a  satisfactory  manner.  An  account  of  these  and  of  the 
methods  employed  in  the  collection  of  the  eggs  and  their  treatment  in 
the  hatchery  has  been  given  in  some  of  the  previous  reports,  to  which 
reference  may  be  made  for  the  detailed  description. 

It  need  only  be  said  here  that  the  adult  fishes  which  act  as  the  brood 
stock  are  confined  throughout  the  year  in  a  large  tidal  pond,  where 
they  are  regularly  fed,  almost  entirely  with  common  mussels,  and  that 
at  the  spawning-time  the  fertilised  eggs,  shed  freely  into  the  water,  are 
collected  daily,  or  almost  daily,  by  means  of  a  large  net  of  mosquito 
netting,  and  are  then  transferred  to  the  incubating  apparatus  in  the 
hatchery. 

The  duration  of  the  period  of  development,  until  hatching  takes 
place,  varies  according  to  the  temperature  of  the  water  at  the  time; 
the  period  is  longer  at  the  beginning  of  the  spawning  season,  when  the 
temperature  is  low,  than  towards  the  end  of  the  season,  when  the 
temperature  has  risen  considerably.  At  the  beginning  of  the  work  in 
January  the  average  time  of  incubation  before  the  eggs  hatch  is  about 
three  weeks,  while  at  the  end  of  the  season  they  hatdi  in  about  a  fort- 
night. The  larval  fishes,  after  they  are  hatched  from  the  eggs,  are 
kept  in  the  apparatus  for  several  days  until  the  yolk-sac  is  partly 
absorbed,  and  they  are  then  transferred  to  the  sea  in  appropriate  ap- 
paratus. Experience  has  shown  that  the  best  results  are  got  by 
liberating  the  fry  before  the  yolk  has  been  quite  used  up,  and  when 
they  are  able  to  feed  for  themselves. 

It  is  calculated  that,  taking  the  two  periods  together — the  time  of 
incubation  and  the  period  referred  to  after  hatching — the  eggs  and 
larvae  are  protected  in  the  apparatus  for  about  half  of  the  time  from  the 
spawning  of  the  eggs  to  the  transformation  of  the  post-larval  fish,  i.e, 
to  the  adoption  of  the  adult  form  and  habit,  after  which,  owing  to  the 
protection  afiforded  by  concealment  in  the  sand,  the  natural  mortality 
is,  relatively  speaking,  small. 

In  the  season  of  1904  the  floating  eggs  were  first  observed  in  the 
water  of  the  spawning  pond  about  the  middle  of  January,  but  they 
were  few  in  numbers.  The  first  collection  was  made  on  the  26th  of 
that  month,  about  the  same  date,  that  is,  as  in  the  preceding  year. 
The  last  collection  was  made  on  the  29th  April,  or  more  than  a  fort- 
night earlier  than  in  1903.  This  is  probably  partly  accounted  for  by 
the  greater  relative  intensity  of  the  spawning  in  the  earlier  part  of  the 
season  in  1904,  but  it  is  also,  no  doubt,  connected  with  the  fact  that 
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the  number  of  the  adult  fishes  furnishing  eggs,  and  therefore  of  the 
eggs  collected,  was  considerably  under  what  it  was  in  1903.  As  pointed 
out  in  previous  repoiis,  a  certain  number  of  the  plaice  confined  in  the 
pond  die  each  year,  and  this  loss  is  ordinarily  made  up  by  a  renewed 
supply  of  living  adult  fishes  in  the  autumn,  which  are  obtained  from 
the  trawlers  employed  for  scientific  purposes  in  Aberdeen  Bay  or  the 
Moray  Firth,  the  vessels  being  provided  with  large  tubs  for  the 
collection  of  the  fish,  and  a  constant  circulation  of  water  maintained  until 
port  is  reached.  In  the  autumn  and  winter  of  1903  the  same  practice 
was  followed,  but  it  was  found  that  large  adult  plaice,  suitable  for  the 
hatchery,  were  exceedingly  and  unusually  scarce,  and  thus  the  stock  in 
the  pond  was  only  partially  replenished. 

The  total  number  of  eggs  collected  from  the  spawning  p«nd  through- 
out the  season  was  39,600,000,  as  compared  with  65,940,000  in  the 
previous  year.  Most  of  them,  as  is  usually  the  case,  were  obtaineil  in 
March,  which  is  the  chief  spawning  month  of  the  plaice.  The  numbers 
collected  in  the  various  months,  and  the  percentages  on  the  total 
number,  are  given  in  the  following  table,  which  also  contains  for  com- 
parison the  corresponding  monthly  percentages  for  the  previous  season 
in  1903:— 


Number  of  Eggs 
Collected. 

Percentage, 
1904. 

Percentage, 
1903. 

January, 
February, 
March,  - 
April,     - 
May,      - 

660,000 

10,320,000 

22,040,000 

6,580,000 

•  • 

1-6 
261 
55-7 
16-4 

•   • 

0-3 
180 
56-2 
241 

1-3 

It  will  thus  be  seen,  as  above  indicated,  that  spawning  was,  on  the 
whole,  a  little  earlier  in  1904  than  in  1903,  nearly  28  per  cent,  of  the 
aggregate  number  of  eggs  being  collected  before  March  in  the  former 
year,  as  compared  with  18  per  cent,  in  the  same  period  in  the  latter  year. 

The  estimated  number  of  fry  which  were  obtained  from  the  eggs 
amounted  to  34,780,000,  and  they  wore  liberated  in  seven  lots  at 
various  dates  in  March,  April,  and  May,  off  Aberdeen  Bay,  a  fishing 
yawl  being  employed  for  the  purpose. 

Particulars  as  to  the  collection  of  eggs  from  the  pond  and  the  libera- 
tion of  the  fry  will  be  found  in  the  tables  which  are  appended. 

The  expense  of  the  hatching  operations  as  carried  on  at  the  Bay  of 
Nigg  is  small,  compared  with  the  number  of  fry  produced.  This  is 
owing  to  the  fact  that  the  hatchery  is  worked  in  conjunction  with  the 
Marine  Laboratory^  for  which  pumping  operations  are  required 
throughout  the  year.  The  annual  expenditure  that  may  be  ascribed  to 
the  hatching  work  is  about  £100,  the  principal  items  being  the  main- 
tenance of  the  apparatus,  food  for  the  fishes,  and  extra  coals. 

The  hatchery  was  visited  by  delegations  of  fishermen  sent  for  instruc- 
tion by  the  County  Councils  of  Aberdeenshire  and  Argyllshire,  to  whom 
a  series  of  demonstrations  was  given. 


[Tablbs. 
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TABLE  I.— Showing  the  Daily  Progress  of  the  H&tohing  Operatioiu, 
aod  the  Temperature  of  the  Water,  during  the  Hatching 
Season  1904. 


^  the  Fithery  Board  for  SeoUand. 
TABLE  l.—emuinmti. 


124 


Fart  III, — Twenty-third  Annual  Report 


TABLE  II. — Showing  particulars  in  connection  with  the 

Distnbiition  of  Fry. 


Date. 

Locality. 

Temp, 
of  the 
Water. 

Condition 
of  Weather. 

Efitimated 

Number 

of  Fry. 

March  ]  5 
»      25 

April      1 

„        8 

„      16 

„      26 

May     7 

About  1^  miles  off  Aberdeen  Bay. 

II     ^        II           II          ii 
II     ■^t         >i           II          II 
II     ^          II           II          II 

'}         »3              >l                   11                »> 

»J          ^'J                 I>                      »l                   n 

• 

II       ■*a           »i              »i            II 

C. 
5-2 

5-0 

•  •• 

5-6 
6-0 

Fine. 

II 
II 
II 
II 
It 
II 

4,000,000 
5,000,000 
4,000,000 
4,280,000 
6,000,000 
7.000,000 
4,500,000 

34,780,000 

\ 
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v.— ZONES  OF  GROWTH  IN  THE  SKELETAL  STRUCTURES 
OF  GADID.E  AND  PLEURONECTID/E.  By  J.  T.  Cunning- 
HAM,  M.A.,  F.Z.S.     (Plates  VII-IX.) 


Previous  Investioations. 

The  primary  object  of  Reibisch's  investigations  was  to  ascertain  what 
relations  existed  between  the  number  of  eggs  produced  by  a  plaice  and  its 
size  or  age,  whether  if  the  number  of  eggs  varied,  it  depended  on  the  size 
or  on  the  age  of  the  fish  or  on  both.  In  describing  his  method  of  enume- 
rating the  eggs  to  be  shed  in  the  following  spawning  season,  Reibisch 
shows  that  he  was  not  acquainted  with  my  own  paper  on  the  develop- 
ment of  the  ovarian  egg  in  Teleostei  in  general  and  PleuronectidiB  in 
particular  published  in  the  Quarterly  Journal  of  Microscopical  Science  in 
1897.  For  he  explains  the  opacity  of  the  larger  eggs  in  the  ovary  in 
August  as  due  to  oil-drops— '*durch  die  Aufnahme  einer  grossen  Zahl 
kleiner  fett  tropfchen  zu  erklaren'' — whereas  I  have  shown  that  in 
Pleuronectes  ova  there  are  no  oil-drops,  but  only  yolk  granules,  while  in 
the  developing  eggs  of  sole,  mackerel,  &c.,  both  yolk  granules  and  oil- 
drops  are  present  and  are  easily  distinguished  from  one  another. 

Reibisch  found  great  variations  in  the  number  of  ripening  eggs  in 
plaice,  and  these  numbers  could  not  be  brought  into  correspondence  with 
either  the  weight  or  the  length  of  the  fish.  He  then  found  that  the 
various  numbers  formed  three  principal  groups,  between  which  few  or  no 
numbers  were  found  :  thus  there  were  large  numbers  of  fish  with  eggs 
from  60,000  to  1 70,000,  or  from  220,000  to  270,000,  but  scarcely  any 
fish  whose  number  of  eggs  lay  between  170,000  and  220,000.  It  seemed 
therefore  probable  that  the  groups  of  numbers  corresponded  to  different 
ages,  and  Reibisch  sought  for  a  method  of  ascertaining  the  age  of  the  fish. 

He  rejects  entirely  the  markings  of  the  scales  as  indications  of  the  age 
in  the  plaice,  stating  that  the  lamination  of  the  scale  can  be  used  for  the 
purpose  in  view  in  the  carp,  but  that  this  is  impossible  in  the  case  of  the 
plaice.  The  reasons  he  gives  are  that  the  presence  of  an  annual  lami- 
nation (Jahresschichtung)  is  scarcely  to  be  demonstrated  in  the  simple 
cycloid  scales  of  the  plaice,  and  further,  that  in  almost  all  regions  of  the 
latter  there  occurs  a  transformation  of  the  cycloid  to  the  ctenoid  form. 
But  he  i<eems  to  have  misunderstood  Hoffbauer's  work  on  the  carp,  for 
that  author  deduces  the  age,  not  from  the  lamellae,  if  such  exist,  but  from 
the  varying  distance  between  the  concentric  lines  of  the  scale,  and  these 
also  occur  in  the  scales  of  plaice.  I  have  shown  by  my  observations, 
described  below,  that  the  distinction  of  the  growth  of  successive  years  in 
the  scales  of  the  plaice,  from  the  different  intervals  between  the  concentric 
lines,  is  not  impossible.  The  remarks  of  Reibisch  concerning  the 
transformation  of  the  scales  into  the  ctenoid  form  in  the  plaice  refers 
to  the  Baltic  variety  on  which  he  worked,  in  which  spinules  on  the  scales 
are  strongly  developed,  especially  in  adult  males.  But  this  does  not  affect 
the  anterior  embedded  part  of  the  scale,  and  I  have  not  noticed  spinules 
on  the  scales  I  have  examined.  The  spinules  are  developed  in  adult  males 
in  the  North  Sea,  but  they  are  usually  confined  to  limited  portions  of  the 


i 


126  Part  IIL — Twenty-third  Annual  Btport 

skiD,  and  I  have  not  met  with  spinulated  scales  hitherto  among  those  I 
have  examined  for  indications  of  age. 

Reibisch  therefore  turned  his  attention,  at  Hensen's  suggestion,  to  the 
otoliths.  He  describes  the  appearance  of  these  structures  as  seen  by 
transmitted  light.  He  states  that  the  first  year's  deposit  consists  of  a 
very  dark,  i,e,  opaque,  nucleus  or  kernel ;  this  is  surrounded  by  a  narrow 
transparent  ring,  then  follows  a  broad  dark  zone,  which  is  again  sur- 
rounded by  a  light  zone,  and  this  again  is  bounded  by  a  dark  contour. 
He  states  that  the  nucleus  and  the  first  clear  ring  with  part  of  the  dark 
zone  are  formed  during  pelagic  life,  the  outer  clear  zone  during  the 
sojourn  in  shallow  water  near  the  coast,  while  the  dark  contour  is  formed 
only  when  the  fish  has  migrated  into  deeper  water,  about  January  or 
February.  It  will  be  seen  that  my  results  agree  closely  with  those  of 
Reibisch,  except  in  the  last  point,  for  I  have  not  noticed  that  the  dark 
zone  of  the  second  year  had  begun  to  appear  in  specimens  collected  in 
March  and  April,  and  it  seems  to  me  that  it  is  formed  in  summer. 
Reibisch  figures  the  otolith  of  a  specimen  ir5cm.  long  taken  at  the  end 
of  February,  in  which  he  believes  the  deposit  of  the  second  year  had 
begun  and  was  visible  at  the  anterior  and  lower  side  of  the  otolith.  He 
figures  also  an  otolith  from  a  specimen  16 '5cm.  long  taken  at  the  end  of 
February  which  similarly  shows  the  beginning  of  the  third  year's  deposit, 
and  another  from  a  specimen  23*5cm.  which  e^ows  three  complete  years 
and  the  beginning  of  the  fourth.  This  specimen  was  a  ripe  male  taken 
on  the  9th  March,  and  the  deposit  of  the  fourth  year  in  the  figure  is 
almost  as  wide  in  some  parts  as  that  of  the  third.  It  seems  to  me  difficult 
to  believe  that  this  could  have  been  formed  in  a  few  weeks,  and  more 
probable  that  it  represents  the  whole  deposit  of  the  previous  year,  so  that 
the  specimen  was  four  years  old.  It  is  in  cases  of  this  kind  that  the 
difficulties  of  the  method  arise,  and  they  can  only  be  settled  by  ascertain- 
ing with  certainty  at  what  time  of  the  year  the  boundary  line  between  the 
annual  zones  is  formed.  Reibisch  assumes  that  the  new  opaque  deposit 
begins  in  January  or  February,  while  my  own  opinion  at  present  is  that 
it  does  not  commence  till  much  later. 

Reibisch  concludes  from  his  investigations  that  sexual  maturity  occurs 
always  at  the  end  of  the  third  year,  and  that  the  reason  why  the  fish  are 
80  different  in  size  and  weight  at  this  period  of  life  is  that  they  were 
hatched  at  different  periods  of  the  same  season.  In  my  experiments  on 
the  rearing  of  flounders  in  captivity  at  Plymouth  I  also  found  that  the 
majority  began  to  spawn  at  the  end  of  their  third  year,  but  a  few  were 
ripe  at  two  years  of  age. 

Reibisch  concludes  that  the  darker  layers  in  the  deposit  of  one  year 
in  the  otolith  corresponds  to  the  lower  temperature  of  the  water  in  which 
the  plaice  lives,  and  the  more  transparent  layers  to  the  warmer  tempera- 
ture. He  also  states  that  the  excretion  of  carbonate  of  lime  is  weaker  in 
the  first  half  of  the  year,  when  the  temperature  is  low.  According  to  his 
reasoning  therefore,  the  more  opaque  layers  are  those  in  which  the 
proportion  of  carbonate  of  lime  is  least,  and  these  are  formed  at  the  time 
when  the  lower  temperature  of  the  surjface  penetrates  to  the  deeper  water, 
which  is  usually  from  January  to  March .  The  annual  period  indicated 
by  a  complete  zone  in  the  otolith  would,  on  this  view,  coincide  with  the 
calendar  year  and  commence  in  January. 

My  conclusions,  from  my  own  observations  so  far  as  they  have  gone, 
are  not  in  harmony  with  those  of  Reibisch  on  the  above  points.  In  the 
first  place,  it  seems  to  me  probable  that  the  opacity  would  increase,  not 
diminish,  in  proportion  to  the  amount  of  carbonate  of  lime  present :  this 
is  certainly  the  case  in  bone  and  calcified  cartilage,  and  it  is  also  the  case 
in  the  scales,  where  the  radiating  and  concentric  lines  hehveen  the  sclerites 
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are  very  transparent.  Secondly,  I  have  not  found  that  the  external  layers 
in  the  otoliths  of  plaice  killed  between  November  and  April  were  dark 
opaque  layers,  but,  on  the  contrary,  in  otoliths  at  this  period  the  peri- 
pheral layers  were  of  the  more  transparent  kind.  Thirdly,  the  conclusions 
of  Heibisch  seem  to  me  to  be  in  contradiction  to  the  facts  concerning  the 
first  or  central  region  of  the  otolith,  and  Reibisch  excludes  the  deposit 
of  the  first  year  from  consideration  on  the  ground  that  during  this  year 
the  young  fish  are  exposed  to  very  varying  conditions  of  whose  influence 
on  the  organism  we  know  next  to  nothing.  I  fail  to  see  the  force  of  this 
remark  ;  it  seems  to  me  we  have  as  much  ground  for  reasoning  about  the 
first  year  as  about  any  other.  Now,  though  the  eggs  are  produced  early  in 
the  year,  when  the  water  is  cold,  the  young  plaice  do  not  complete  their 
metamorphosis  until  May  or  June.  The  first  specimens  which  I  received 
this  year  from  Dr.  Fulton  were  caught  at  four  to  eight  fathoms  on  May  10. 
In  these  the  only  part  of  the  otolith  formed  was  Uie  central  kernel,  and 
apparently  not  the  whole  of  that.  Therefore,  it  is  evident  that  the  opaque 
portion  of  the  first  year's  zone,  outside  the  nucleus,  is  formed  in  summer,  not 
in  winter,  in  warm  water,  not  in  cold ;  and  the  condition  of  the  otolith 
with  only  the  first  year's  zone,  from  fish  caught  in  February  or  March, 
equally  proves  that  the  more  transparent  zone  is  formed  in  winter,  not 
in  summer. 

This  interpretation  might  seriously  affect  the  conclusions  of  Reibisch 
concerning  the  age  of  the  fish  which  he  examined,  as  it  seems  probable 
that  he  has  interpreted,  in  some  cases,  as  the  commencement  of  the  fourth 
year's  deposit,  a  zone  which  in  reality  represents  a  whole  year  of  age. 
Thus  fish  which  he  has  taken  to  be  three  years  old  might  in  reality  have 
lived  four  years. 

Jenkins  investigated  the  determination  of  age  from  the  otoliths  in 
herring  and  other  Clupeidae.  He  finds  that  iu  the  herring  there  are 
layers  iu  the  otolith  as  in  the  plaice,  but  with  some  differences.  The 
central  nucleus  is  always  transparent,  not  opaque ;  the  opaque  zones  are 
much  broader  in  proportion  than  in  the  plaice,  arid  separated  by  very 
narrow  transparent  zones,  which,  according  to  Jenkins,  are  formed  at  the 
beginning  of  the  new  year.  It  would  seem  more  probable  that,  as  in  the 
plaice,  these  form  the  end  of  the  year's  deposit.  Jenkins'  pap>er  is  illus- 
trated by  photographs  of  the  object,  in  which  the  different  zones  are  not 
always  very  distinct.  The  structure  could,  I  believe,  have  been  shown 
more  satisfactorily  by  drawings.  Jenkins  finds  that  the  herring  of  the 
Western  Baltic  have  the  following  lengths  at  successive  years  of  age : — 

1st  year, ir3-12-lcm. 

2nd    „ 15-6-16-4cm. 

3rd     „ 190-19-8cm. 

4th     „ 21-7-22-5cm. 

5th     „ 23-7-24-5cm. 

Jenkins  rejects  the  conclusion  held  by  nearly  all  naturalists  who  have 
investigated  the  herring,  that  two  season-races  can  be  distinguished,  on 
the  ground  that  ripe  or  nearly  ripe  or  spent  herrings  can  be  found  in 
the  Western  Baltic  at  all  times  of  the  year. 

He  has  misunderstood  a  statement  which  he  quotes  from  myself,  that 
two  spawning  periods  have  undoubtedly  been  observed  in  the  same 
neighbourhood,  stating  that  it  is  in  contradiction  to  Heincke's  assertion 
that  herring  spawn  is  never  found  twice  in  the  year  on  the  same  spot^ 
There  is  really  no  contradiction.  Anyone  acquainted  with  the  subject 
knows  that  spring  or  winter  spawning  herring  and  summer  or  autumn 
spawning  herring  are  captured  by  fishermen  in  large  numbers  in  the  aame 
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district,  for  instance,  in  the  Western  Baltic,   where  Jenkins    studied, 
bat  I  have  never  stated  that  they  use  the  same  spawning  grounds. 

Jenkins  finds  that  the  herring  becomes  sexually  mature  in  its  third 
year. 

2.  Qenbral  Description  of  Linbs  op  Growth. 

One  of  the  chief  objects  of  my  observations  was  to  test  the  question 
how  far  the  lines  of  growth  in  the  skeletal  structures  of  fishes  were  trust- 
worthy indications  of  nge,  whether  the  annual  increments  of  growth  or 
deposit  could  be  definitely  distinguished  and  counted  in  all  cases.  The 
most  direct  and  satisfactory  basis  for  the  assumption  that  the  age  of 
individual  fishes  can  be  ascertained  by  inspection  of  lines  of  growth  in 
certain  structures  would  be  an  extensive  study  of  such  lines  in  fish  whose 
age  was  known  by  direct  evidence,  but  hitherto  such  study  has  not  been 
possible  to  any  great  extent.  All  I  have  been  able  to  do  is  to  ascertain 
the  age  of  specimens  of  diflerent  sizes  as  indicated  by  the  lines  and  zones 
of  growth,  and  to  compare  the  conclusions  so  reached  with  those  to  be 
derived  from  other  sources,  such  as  the  season  in  which  the  specimens 
were  collected,  their  size,  and  the  evidence  available  concerning  the 
rate  of  growth  from  experiments  with  fish  reared  in  captivity. 

Another  object  which  was  in  view  in  the  investigation  was  that  of 
discovering,  as  far  as  possible,  the  mode  in  which  the  lines  of  growth  were 
produced,  what  differences  of  structure  caused  the  lines,  and  what  was 
the  relation  between  the  seasonal  changes  in  external  conditions  and  the 
processes  of  growth  taking  place  in  the  structures  concerned. 

In  the  plaice  successive  more  or  less  parallel  lines  and  zones  are  visible 
in  the  otoliths,  in  the  scales,  in  the  coracoid  element  of  the  pectoral 
girdle,  which  consists  of  calcified  cartilage,  and  the  surfaces  of  the  verte- 
bral centra  bounding  the  conical  depressions  in  their  anterior  and  posterior 
faces. 

The  otoliths  consist  of  a  number  of  thin  layers  deposited  one  over  the 
other  around  a  common  centre.  The  structure  may  be  described  as  a 
concentric  stratification,  and,  apparently,  when  once  deposited  a  layer 
undergoes  no  subsequent  change.  The  otoliths  are  thin  and  flat,  but 
one  surface  is  more  convex  than  the  other,  and  this  more  convex  surface 
is  in  the  natural  position  within  the  ear-capsule  directed  inwards  and 
the  flat  surface  outwards.  I  find  the  most  convenient  way  to  extract  the 
otoliths  is  to  split  the  skull  with  a  knife  from  behind  forwards,  the 
ear-capsules  being  then  exposed,  as  they  are  not  separated  from  the 
cranial  cavity  by  bone.  The  otoliths  have  a  longer  and  a  shorter 
diameter,  and  along  the  direction  of  the  longer  diameter  there  is  a  groove 
on  the  central  part  of  the  convex  side.  They  appear  to  be  formed  as 
concretions  excreted  by  the  epithelium  lining  the  sacculus  of  the 
auditory  vesicle. 

Examined  in  water  when  freshly  removed  from  the  skull  of  the  fish, 
the  otolith  exhibits  both  concentric  and  radiating  lines,  so  that  its 
structure  resembles  that  of  a  scale,  but  the  mode  of  formation  is  different, 
the  otolith  being  formed  externally  to  the  epithelium  of  the  auditory 
sac,  which  is  derived  originally  from  the  epidermis  (epiblast),  while  the 
scale  is  formed  within  the  derma  (mesoblast).  At  first  sight  it  might  be 
supposed  that  the  successive  deposits  were  formed  only  at  the  edge  of  the 
otolith,  but  by  examining  a  transverse  slice  of  the  object  cut  roughly 
with  a  knife,  it  is  seen  that  each  successive  layer  extends  over  the  whole 
surface,  but  is  exceedingly  thin  on  the  two  fiat  surfaces  and  thicker  at 
the  edge.  The  structure  is  such  as  would  be  produced  if  a  sphere  com 
posed  of  concentric  uniform  layers  of  plastic  material  were  very  much 
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compressed  so  as  to  form  a  flat  disc.  The  thin  layers  on  the  two  faced 
being  trauslucent,  the  surfaces  of  contact  between  successive  layers  are 
seen  as  lines  approximately  parallel  to  the  outer  edge.  The  layers  are 
thin  and  very  numerous,  but  they  are  grouped  into  broader  zones  by 
differences  of  opacity.  Each  zone  is  usually  distinctly  defined  from  that 
which  succeeds  it  externally,  the  line  of  division  being  due  to  a  sudden 
increase  in  opacity  in  the  layers  which  form  the  commencement  of  the 
next  zone.  By  transmitted  light  the  more  opaque  layers  appear  dark, 
and  the  more  transparent  layers  light.  All  my  figures  show  the  appear- 
ance of  the  otoliths  by  transmitted  light,  the  otoliths  being  examined  in 
water  as  transparent  objects.  When  the  light  is  shut  off  from  below  and 
the  object  seen  by  reflected  light,  the  appearances  are  reversed,  the  opaque 
regions  appearing  white  and  the  transparent  dark.  My  observations 
agree  closely  with  Heincke's  def.cription  of  the  structure  as  seen  by  reflected 
light,  but  I  find  that  examination  by  transmitted  light  shows  the  structure 
more  distinctly.  The  central  area  or  first  zone  shows  minor  subdivisions, 
but  the  limits  of  these  are  not  so  distinct  as  the  more  external  boundaries, 
and  the  whole  of  this  central  area  appears  to  be  formed  in  the  first  year 
of  life.  It  consists  of  a  central  very  opaque  nucleus,  followed  sometimes 
first  by  a  transparent  zone,  then  one  more  opaque,  and  then  a  broader 
more  transparent.  But  these  minor  zones  are  not  always  distinct, 
while  the  limit  of  the  whole  central  area  is  usually  quite  definite. 

The  i-adiating  lines  are  due  to  narrow  grooves  on  the  surface  termina- 
ting in  notches  on  the  edge,  and  seem  to  be  formed  by  folds  in  the 
membrane  of  the  auditory  vesicle  containing  the  otolith. 

The  scales  of  the  plaice,  like  those  of  the  cod,  exhibit  a  number  of 
concentric  lines  formed  by  ridges  on  the  outer  surface  of  the  scale,  but 
these  ridges  are  very  much  finer,  closer  together,  and  less  regular  than 
in  the  scales  of  Gadidse.  In  the  anterior  embedded  portion  of  the  scale 
the  ridges  are  divided  up  into  short  bars  by  radiating  bands  which  appear 
transparent  by  transmitted  light,  but  in  the  posterior  more  saperficial 
part  of  the  scale  these  radiating  lines  are  absent,  and  the  ridges  appear  as 
continuous  wavy  lines.  Separate  sclerites  cannot  be  distinguished  as  in 
the  cod,  although  doubtless  the  ridges  and  the  radiating  lines  in  the  one 
case  correspond  to  those  in  the  other.  Successive  zones  can  usually  be 
distinguished  in  consequence  of  the  fact  that  the  lines  or  ridges  are  closer 
together  in  certain  zones  than  in  others.  A  complete  zone  may  be  con- 
sidered to  be  the  result  of  one  year's  growth.  The  summer's  growth  com- 
mences with  lines  or  ridges  which  are  rather  far  apart,  and  after  a  certain 
distance  the  lines  become  more  closely  crowded  ;  then  the  next  summer's 
growth  is  indicated  again  by  lines  farther  apart  (fig.  10,  pi.  viii.)  The 
transition  from  the  crowded  lines  to  those  further  apart  on  the  outside  is 
somewhat  sudden,  so  that  the  commencement  of  the  new  summer's 
growth  is  often  fairly  distinct.  But  in  most  cases  the  zones  are  somewhat 
difficult  to  distinguish,  and  it  would  be  by  no  means  easy  to  form  a  con- 
fident judgment  of  the  age  of  the  fish  by  examination  of  the  scales  alone. 
The  conclusion  drawn  from  the  scales  must  bo  confirmed  or  tested  by 
examination  of  the  otolith. 

I  have  not  found  any  sufficiently  distinct  lines  of  growth  in  the  oper- 
cular bones,  as  Heincke  states,  but  such  lines  are  visible  in  the  elements 
of  the  pectoral  girdle  and  in  the  concave  faces  of  the  vertebrae.  In  neither 
case,  however,  are  such  good  indications  given  as  in  the  otolith.  I  have 
represented  the  appearance  of  a  vertebra  and  of  the  pectoral  elements  in  figs. 
1 3, 1 4,  pi.  viii.  The  pectoral  girdle  of  the  plaice  consists  of  a  somewhat  thick 
ossified  cleithrum,  thicker  and  less  expanded  ventrally  than  that  of  the  cod, 
and  a  scapula  and  coracoid  consisting  chiefly  of  calcified  cartilage.  The 
coracoid  comprises  two  parts,  a  thin  oasified  ventral  portion  bordered  by  a : 
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slender  curved  rod  of  bone,  and  a  somewhat  quadrate  dorsal  portion  of 
calcified  cartilage.  The  centre  of  growth  is  at  the  junction  of  the  bony  rod 
with  the  cartilaginous  plate,  and  at  intervals  there  are  lines  parallel  to  one 
another  where  calcification  is  more  complete,  and  the  cartilage  conse- 
quently more  opaque.  The  scapula  shows  similar  lines,  and  they  are 
parallel  to  the  edges  where  the  two  elements  meet  The  basal  elements 
with  which  the  fin  rays  articulate  are  represented  by  a  small  plate  of 
cartilage  with  three  or  four  minute  points  of  ossification. 

The  faces  of  the  vertebrae  show  by  reflected  light  opaque  white  bands 
separated  by  darker,  more  transparent  lines,  and  these  are  probably 
annual  increments  of  growth,  but  it  is  diflicult  to  be  sure  of  counting  the 
complete  number,  as  the  more  central  ones  seem  always  doubtful  and 
indistinct. 

In  the  cod  the  scales  (fig.  15)  exhibit  concentric  and  radiating  lines 
as  in  the  plaice,  but  the  radiating  lines  occur  all  round  the  scale,  and 
the  concentric  lines  are  much  more  distinct  and  farther  apart.  Careful 
examination  shows  that  the  two  systems  of  lines  are  due  to  the  fact  that 
the  outer  surface  of  the  scale  is  made  op  of  rings  of  separate  elements, 
which  may  be  conveniently  termed  sclerites.  Each  sclerite  consists  of  a 
flat  base  with  a  projecting  ridge,  the  ridges  being  placed  in  line  with 
those  of  the  neighbouring  sclerites  of  the  same  ring.  The  ridge  is 
situated  near  the  outer  border  of  the  sclerite,  and  the  edge  of  it  is  turned 
towards  the  hilum  or  focus  of  the  scale,  so  that  there  is  a  depression  or 
concavity  on  the  inner  side  of  the  ridge.  These  sclerites  are  evidently  the 
structures  described  by  Marett  Tims  as  scalelets  in  the  passages  quoted 
from  his  paper  by  J.  Stuart  Thompson  {Jour.  Mar,  Biol,  A$m,^  No.  1, 
1904).  He  states,  however,  that  each  scalelet  consists  of  a  basal  plate 
with  a  minute  spine  projecting  from  its  upper  surface,  a  description  which 
he  has  apparently  taken  from  the  appearance  presented  in  transverse 
section,  whereas  the  apparent  spine  is  merely  the  section  of  a  longitudinal 
ridge  on  the  sclerite,  as  I  have  stated.  The  ridges  on  the  sclerites  are  also 
identical  with  the  rolls  or  cylinders  which  cover  the  surface  of  the  scale, 
according  to  Ussow's  description. 

According  to  Marett  Tims,  the  scalelets  are  covered  with  a  delicate 
epidermis.  In  my  sections  I  find  cell -nuclei  both  on  the  upper  and  lower 
surface  of  the  scale,  and  have  no  doubt  that  the  sca]^  is  covered  with  cells, 
to  whose  activity  its  formation  is  due.  These  cells  or  their  nuclei  are 
particularly  evident  at  the  «edges  of  the  scale,  where  it  increases 
in  extent,  and  where  the  new  sclerites  are  successively  formed.  Nuclei 
can  also  be  seen  in  the  concavity  on  the  inner  side  of  the  ridge  of 
the  sclerite,  which  agrees  with  Klaatsch's  statement  "  that  the  cells 
arrange  themselves  on  the  surface  of  the  scale  in  curved  rows,  and  form 
always  in  front  of  themselves  the  substance  out  of  which  the  rolls  are 
made."  I  find,  however,  that  the  new  sclerites  are  fonned  only  at  the  edge, 
and  that  the  above  description  of  the  cells  and  "  rolls"  or  ridges  applies 
only  to  the  upper  surface  of  the  scale.  Fig.  17,  pi.  ix.,  shows  the  appear- 
ance of  a  transverse  section  of  the  skin  of  a  cod  under  a  low  power.  The 
epidermis  is  of  considerable  thickness,  and  consists  of  small  cells  whose 
boundaries  are  not  distinct  in  the  preparation,  but  whose  nuclei  are  seen 
as  dots.  The  lowest  layer  of  nuclei  are  somewhat  elongated  in  a  direction 
vertical  to  the  lower  surface  of  the  epidermis.  Beneath  this  lower  layer 
are  seen  large  oval  masses  of  black  pigment,  the  sections  of  the  chromo- 
blasts.  In  the  middle  region  of  the  epidermis  are  a  number  of  rounded 
cavities.  The  specimen  from  which  the  preparation  was  made  was  pre- 
served with  formaline,  and  I  am  unable  to  state  whether  these  cavities 
exist  in  the  living  akin  or  are  the  result  of  the  action  of  the  formaline.  At 
the  surface  of  the  epidermis  are  seen  two  minute  somewhat  fusiform 
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bodies  composed  of  elongated  cells  :  these  are  sense-organs,  which  in  the 
cod  are  freely  distributed  over  the  surface  of  the  skin,  in  addition  to  the 
special  organs  of  the  lateral  line.  The  derma  below  the  epidermis 
consists  of  fine  fibres  having  a  horizontal  direction,  with  numerous  nuclei, 
and  in  this  occur  the  scale-pockets  containing  sections  of  the  scales.  Of 
these,  three  layers  at  three  different  levels  are  seen  in  most  sections,  in 
consequence  of  the  fact  that  the  scales  are  imbricated,  and  overlap  one 
another,  so  that  portions  of  three  different  rows  of  scales  are  cut  by  one 
section  vertical  to  the  surface.  The  relations  of  the  sclerites  to  the  lower 
homogeneous  portion  of  the  scale  are  shown  in  the  figure,  but  the  cellular 
investment  of  the  scale  is  not  represented,  as  it  is  not  sufficiently  distinct 
under  a  low  power. 

The  ridges  on  the  scales  are  seen  to  be  farther  apart  in  some  regions, 
more  closely  crowded  in  others,  so  that  zones  may  be  distinguished.  In 
other  wordS)  the  sclerites  formed  at  some  periods  of  the  growth  of  the 
scale  are  narrower  than  at  others,  so  that  their  ridges  are  closer  together. 
There  is  good  reason  for  believing  that  the  narrower  sclerites  are  formed 
in  winter,  when  the  temperature  is  low.  In  the  cod  I  find  that  the  end 
of  a  year's  growth  is  usually  indicated  by  one  or  two  markedly  narrow 
rings,  while  the  gradual  narrowing  of  the  scleritei;  as  this  boundary  is 
approached,  though  it  can  be  made  out,  is  not  at  first  obvious.  In  these 
points  my  observations  agree  generally  with  the  descriptions  and  ccnclu- 
sions  of  Mr.  J.  Stuart  Thompson,  who,  however,  though  he  studied 
several  species  of  Gadidte,  did  not  investigate  the  cod.  In  larger  and 
older  specimens  several  annual  zones  can  be  distinguished,  each  termi- 
nated by  a  winter  zone,  between  which  and  the  summer  growth  there  is 
often  a  distinct  contrast.  The  distinction  however,  is  not  so  obvious  as 
in  the  earlier  or  inner  zones,  and  it  wonld  be  very  difficult,  from  the  scales 
alone,  to  form  a  decided  conclusion  as  to  the  age  of  a  cod. 

Dr.  Heincke  has  pointed  out,  in  his  paper  in  the  Report  of  the  Inter- 
national Investigations,  shortly  to  be  published,  that  lines  of  growth  are 
more  or  less  distinctly  visible  in  various  bones  of  fishes,  while  the  lines 
and  zones  of  the  otolith  have  previously  been  investigated  in  the  plaice 
and  herring.  In  the  cod  I  have  examined  the  bones  of  the  pectoral 
girdle,  of  the  operculum,  of  the  skull,  and  of  the  vertebral  column. 

The  pectoral  girdle  differs  from  that  of  the  plaice  in  several  particulars. 
The  cleithrum  (the  large  superficial  bone  behind  the  branchial  cavity, 
formerly  known  as  clavicle)  is  thinner,  and  only  the  scapula  is  directly 
attached  to  the  posterior  and  inner  aspect  of  the  cleithrum.  There  is  a 
long  and  strong  post  clavicle.  The  cleithrum  is  ossified,  but  the  scapula 
and  coracoid  consist  of  calcified  cartilage.  There  is  no  scapular  foramen. 
There  are  four  distinct  and  partially  ossified  fin-supports,  instead  of  one 
cartilage,  as  in  the  plaice.  The  form  of  the  parts  is  shown  in  fig.  20,  pi.  ix. 
I  could  not  satisfactorily  make  out  annual  zones  in  any  of  these  structures. 
On  the  thin  transparent  part  of  the  cleithrum  there  are  sometimes  visible 
some  lines  parallel  to  the  edge,  but  they  are  very  indistinct.  Also  in  the 
coracoid  there  are  slightly  opaque  lines  parallel  to  the  edge,  but  still  less 
distinct,  and  no  definite  conclusions  as  to  the  age  of  the  fish  can  be  drawn 
from  them.  I  am  unable,  therefore,  to  agree  with  Heincke,  who  states 
that  the  age  of  cod  can  be  determined  from  the  coracoid  and  scapula. 

I  have  found  the  bones  of  the  operculum  and  skull  equally  unsuitable 
for  the  purpose  here  in  view.  In  the  vertebral  column  of  a  specimen  of 
some  size,  parallel  lines  are  distinctly  visible  in  almost  every  part  and  on 
every  process,  including  the  waUs  of  the  anterior  and  posterior  cavities, 
the  neural  spines,  and  the  transverse  processes,  but  I  have  found  it 
impossible  to  use  them  as  satisfactory  indications  of  age.  On  the  walls 
of  the  conical  hollows  of  the  centra  numerous  concentric  lines  appear, 
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lines  of  greater  opacity  appearing  white  by  reflected  light,  and  these  lines 
are  arranged  in  bands  separated  from  each  other  by  bands  of  darker, 
more  transparent  bone.  Each  of  these  bands  may  indicate  a  year's 
growth,  being  the  summer  growth  separated  from  that  of  the  next 
summer  by  a  band  where  there  is  less  calcareous  matter.  But  it  is 
diflSicult  to  decide  exsu^tly  how  many  such  annual  zones  are  present. 
Even  when  one  or  two  of  the  outer  zones  seem  distinct,  the  number  of 
the  central  earlier  zones  cannot  be  distinguished  with  certainty.  One 
may  count  three  at  one  time,  and  at  the  next  attempt  there  seem  to  be 
four  or  five,  and  the  total  number  always  remains  doubtful  and  uncertain. 

The  otolith  in  cod  and  other  Qadidse  is  large  and  opaque,  and  by 
examining  it  as  a  whole  nothing  can  be  ascertained  of  its  internal 
structure.  It  is  therefore,  according  to  Heincke,  useless  for  the  purpose 
of  determination  of  the  age  of  the  fish.  I  have  found,  however,  that  the 
successive  laminse  of  which  it  is  composed  can  be  seen  quite  distinctly 
in  transverse  slices  simply  cut  from  the  central  region  of  the  otolith  with 
a  scalpel.  Such  slices  are,  of  course,  rather  thick,  and  their  surfaces  are 
rough  and  irregular.  Nevertheless,  when  they  are  placed  in  water  in  a 
watch-glass  and  examined  with  a  low-power  objective,  they  are  sufliciently 
transparent  to  show  the  successive  laminae  of  which  the  otolith  is 
composed,  and  the  laminee  in  certain  zones  being  much  more  opaque  than 
in  the  zones  between  these,  the  whole  section  is  distinctly  divided  into 
regions  which  I  believe  to  indicate  the  annual  increments,  and  which, 
therefore,  show  the  age  of  the  fish. 

The  otolith  (i.e.  the  sagitta  or  largest  otolith)  of  the  cod  is  somewhat 
elliptical  in  outline,  with  rather  pointed  ends,  and  two  surfaces,  one 
convex  and  rather  smooth,  the  other  concave  and  more  irregular.  The 
convex  surface  is  turned  inwards,  i.e.  towards  the  brain,  and  somewhat 
downwards,  the  concave  outwards  and  upwards.  The  convex  surface  is 
marked  by  a  shallow  longitudinal  groove,  into  which  fits  the  ridge  of 
sensory  epithelium,  called  the  macula  acustica  of  the  sacculus.  The  edge 
of  the  otolith  is  divided  by  radial  grooves  into  lobes  which  are  chiefly  de- 
veloped on  the  concave  sui^ace,  and  the  central  part  of  the  concave  surface 
projects  slightly  as  a  convexity.  Fig.  16,  pi.  viii.,  shows  the  appearance 
by  transmitted  light  of  a  transverse  slice  as  above  described.  There  is  a 
central  opaque  nucleus  surrounded  by  successive  laminsB  which  are  thicker 
in  the  parts  corresponding  to  the  edges  of  the  otolith  than  in  those 
corresponding  to  the  surfaces.  The  nucleus  is  nearer  to  the  convex 
surface  than  to  the  concave.  The  nucleus  is  surrounded  by  a  number  of 
opaque  laminie,  and  these  are  succeeded  by  a  number  of  more  transparent 
ones.  Then  comes  another  zone  of  opaque  laminft>,  while  the  most  external 
are  again  more  transparent.  According  to  my  interpretation,  the  opaque 
zone  represents  the  deposit  of  one  summer,  the  transparent  that  of  one 
winter,  so  that  the  two  zones  together  represent  the  result  of  one  year's 
growth  and  indicate  one  year  of  age.  The  fish  from  which  the  otolith 
figured  was  taken  was  therefore  two  years  old. 

For  practical  purposes,  to  determine  the  age  of  a  number  of  specimens 
quickly,  I  find  the  best  method  is  to  examine  a  few  scales  in  water, 
noting  the  number  of  winter  zones,  and  the  age  apparently  indicated, 
and  then  to  extract  an  otolith  by  splitting  the  skull  in  the  median 
plane,  and  to  cut  a  transverse  slice  of  the  otolith  in  the  manner  described 
above.  In  this  way  the  conclusions  drawn  from  the  scales  can  be  tested 
and  confirmed  or  modified.  It  may  be  asked  why  I  have  not  prepared 
thinner  and  more  perfect  transverse  sections  of  the  otolith  by  grinding 
down  thick  slices.  I  have  tried  this  method  in  the  plaice,  and  not  found 
it  very  successful.  The  piece  to  be  ground  down,  after  one  surface  has 
been  ground  smooth,  must  be  fixed  on  a  glass  slide  with  Canada  balsam  in 
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order  to  grind  the  other  surface.  After  the  operation  the  section  is 
opaque  from  the  scratching  of  the  surface,  and  if  it  is  clarified  and 
mounted  in  balsam  it  becomes  too  transparent,  so  that  the  contrast 
between  the  opaque  and  transparent  zones  is  largely  lost.  I  have  not  yet 
tried  the  method  for  transverse  sections  of  the  cod's  otolith,  but  doubt 
if  it  would  be  suitable,  and  in  any  case  the  time  required  makes  it  useless 
for  practical  purposes. 

The  following  are  the  details  of  my  observations  on  specimens  of 
Plaice,  Cod,  and  other  species  : — 

Young  Plaice  and  Dabs  collectbd  bt  Shrimp-net  in  Aberdeen 

Bay  in  May  1904. 

The  pluice  in  this  sample  ranged  from  5*5  to  8*7cm.  in  length, 
and  there  were  very  few  of  them.  Unfortunately,  they  were  pre- 
served in  formaline,  and  when  I  came  to  examine  them  I  found  that 
the  action  of  this  reagent  had  altered  the  otoliths  so  that  the  lines  of 
growth  could  not  be  distinctly  seen.  Formaline  has  a  decalcifying 
action,  and  although  in  these  specimens  the  otoliths  were  not  destroyed, 
they  were  rendered  quite  opaque  and  granular,  so  that  the  usual  structure 
was  scarcely  visible.  It  seemed  probable,  however,  that  they  had  the 
characters  of  the  central  deposit  of  the  first  year,  without  any  sharp 
dividing  lines  separating  distinct  zones.  In  this  case  there  can  be  little 
doubt  that  the  fish  were  one  year  old,  as  the  new  brood  of  the  current 
year  are  still,  in  May,  in  the  pelagic  stage,  and  it  is  unlikely  that  fish  so 
small  should  be  more  than  one  year  old. 

The  scales  are  apparently  not  affected  by  the  formaline  as  the  otoliths 
are;  that  is  to  say  the  characteristic  concentric  lines  are  quite  distinct. 
The  posterior  or  embedded  part  of  the  scale  consists  of  five  radiating 
rows  of  short  curved  linos,  not  regularly  pamllel  but  irregular,  separated 
by  plain  bands,  while  the  anterior  part  of  the  scale  is  marked  by  con- 
tinuous successive  lines  approximately  parallel  to  the  edge  of  the  scale 
(fig.  1).  There  is  no  division  of  these  series  of  lines  into  zones,  and 
the  whole  may  be  regarded  as  the  growth  of  one  year. 

Young  Plaice  from  Solway  Firth,  collected  about  April  17,  1905. 

The  results  of  examination  of  the  otoliths  in  these  specimens  are  as 
follows,  males  and  females  being  given  separately : — 

MALES,    IMMATURE. 

(/)  6'6cm,  in  length, — Only  one  central  area  visible.  It  contains  a 
central  opaque  nucleus,  the  i>art  around  which  is  slightly  more  opaque 
than  the  external  zone.     Concentric  lines  of  lamination  faint  (fig.  4). 

(J)  0'i)cm.  in  length, — Only  one  central  area. 

(J)  7 '1cm.  in  length. — Only  central  area,  concentric  lines  of  lamina- 
tion around  the  opaijue  nucleus. 

(^)  7'lcin.  in  length. — Central  area  only  as  in  other  cases,  but  near  the 
outer  edge  a  distinct  trans|)arent  band  with  an  opaque  band  outside  it  at 
the  extreme  edge.  This  might  possibly  be  the  commencement  of  the 
second  year  s  deposit. 

(#5)  9 '8cm. — Only  one  zone. 

J6*)  9'9cm, — Two  zones. 

7)  W'5cm.  in  length. — Two  distinct  zones,  that  is  to  say  a  distinct 
zone  outside  the  central  area.  The  central  area  is  *95mm.  in  the  shorter 
diameter,  the  total  transverse  diameter  of  the  otolith  being  r92mm. 
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(^)  lO'Scm. — Two  zones  quite  distinct. 
(9)  13' 2cm. — Shows  three  zones. 

FEMALB8,  IMMATURE. 

(i)  8'9cm.  in  letujth. — Only  central  area  present. 

(2)  9- 2cm.  in  length, — OtoHth  shows  two  distinct  zones,  the  external 
one  heing  defined  by  a  sharp  boundary  line,  and  commencing  with 
several  laminae  of  very  opaque  deposit  (fig.  8,  pi.  vii.). 

(3)  10'5cm.  in  length, — Two  zones  visible,  the  central  area  small  and 
not  quite  so  sharply  defined  as  usual — 12'0cm. 

(4)  15'5cm,  in  length, — Two  zones  rather  less  distinct  than  usual, 
central  area  showing  distinct  lamination. 

(5)  lf5'9cm, — Shows  three  distinct  zones. 

According  to  these  results,  therefore,  males  from  6'6cm.  to  9*8cm.  in 
length  are  one  year  old,  and  at  10*5cm..  or  41  inches,  are  two  years  old. 
Females  may  be  one  year  old  up  to  8'9cm.,  or  very  nearly  4  inches, 
while  others  from  9*2cm.  to  15*5cm.,  or  4  to  6  inches,  are  two  years 
old,  and  one  of  15* 9cm.,  or  about  6|  inches,  is  three  years  old. 

According  to  Heincke,  in  the  Report  of  the  International  Committee, 
vol.  iii.,  the  plaice  at  the  Sylt  are  from  10cm.  or  less  to  14cm.  at  one 
year  of  age,  10cm.  to  19cm.  at  two  years,  and  l^cm.  to  28cm.  at  three 
years.  These  sizes  are  taken  from  specimens  collected  in  March,  aod 
therefore  comparable  with  those  from  the  Solway  Firth  examined  by  me. 
The  results  therefore  agree,  but  Heincke's  observations  have  the  defect 
that  males  and  females  are  not  distinguished  in  them. 

Specimens  of  Pijlice   received  from  Aberdeen  on  Mat  8,  1905, 

and  oauoht  a  few  days  before. 

These  specimens,  of  which  14  were  carefully  examined,  ranged  in  length 
from  4'8cm.  to  11 '4cm.,  and  only  one  was  identified  as  a  female.  The 
others  were  either  male  or  their  sex  could  not  be  determined.  They  must 
be  considered  as  belonging  to  last  year's  brood,  as  the  young  plaice  of 
the  current  year  have  but  just  completed  their  metamorphosis. 

{1)  i'Scm,  long, — Sex  not  determined.  *  One  zone  only  in  otolith, 
transparent  ring  next  to  the  nucleus  not  seen.     One  year  old. 

{2)  4' 8cm,  long, — Sex  not  determined.  One  zone  only  in  otolith  ;  but 
there  was  a  narrow,  more  transparent  zone  next  to  the  nucleus,  as  in 
Reibisch's  description  of  the  first  year's  growth.     One  year  old. 

{3)  5c,m.  long. — Apparently  male.  One  annual  zone  only  in  otolith,  a 
broad  region  of  somewhat  opaque  layers  round  the  central  nucleus,  more 
transparent  narrower  zone  at  outer  edge,  that  is  the  transparent  region 
next  to  the  nucleus  as  described  by  Reibisch,  was  not  visible.  Con- 
centric single  layers  distinct  in  the  middle  zone. 

(J/)  5'7cm.,  probably  male, — One  zone  in  otolith. 

{5)  5'7cm,y  probably  male. — One  zone  in  otolith. 

(6*)  6' 7 cm.,  female. — One  zone  only. 

(7)  7'2cm,j  probably  male, — One  zone  only. 

{8-10). — Three  specimens,  8*5cm.  long,  apparently  male,  all  showing 
one  zone  only. 

{11)  9'6cm.,mal€, — One  zone  only. 

{12)  9'8cm,y  nude, — One  zone  only. 

SIS)  lO'Scm,,  male, — One  zone  only. 
14)  ll'icm,  male, — One  zone  only. 
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Plaice  received  fkom  Aberdeen,  ^Vpril  1,  1905,  and  collected 

jUtiT  before  that  date. 

MALE. 

(1)  lo'lc7n,y  immature. — Otolith  shows  two  zones,  the  third  of  the 
current  year  may  have  begun,  but  shows  no  distinct  contrast  with  the 
second  zone.  The  scales  also  show  two  zones,  but  not  so  easily  dis- 
tinguished. 

FEMALES. 

(i)  12cm,  long^  immature, — Only  one  zone,  or  central  area ;  fish, 
therefore,  one  year  old  (fig.  9,  pi.  vii.). 

(2)  14cm.,  immature. — Otolith  shows  only  one  undivided  area,  may  be 
considered  one  year  old.     Scales  also  show  no  division  into  zones. 

{S)  locm.,  immaiure. — Two  distinct  zones  in  otolith,  outer  zone 
sharply  defined  from  central  region,  indicating  two  years'  growth. 

(4)  15cm.,  immature, — Two  distinct  zones  in  otolith;  the  central 
region  is  much  smaller  than  the  whole  otolith  of  (2),  and  does  not  show 
distinct  lamination  as  that  does.  The  calcified  cartilage  of  the  coracoid 
also  shows  two  zones,  but  the  boundary  line  is  rather  faint. 

('J)  10'7cm.j  immaiure. — Otolith  with  central  region  and  one  outer  zone 
separated  by  distinct  boundary  line.  On  the  outer  border  there  are  a  few 
opaque  layers,  which  may  be  the  commencement  of  this  year's  deposit, 
but  they  are  not  deiined  by  a  distinct  boundary  from  the  second  zone. 

(6)  i20'7an.y  immature. — Otolith  shows /oi«*  distinct  zones.  It  seems 
difficult  to  believe  that  this  fish,  not  quite  8^  inches  long,  and  quite 
immature,  should  be  really  four  years  old,  in  which  case  it  would  be 
at  least  five  years  of  age  before  it  spawned  for  the  first  time. 

(7)  Plaice,  2J'9ctn.,  immature, — Only  one  distinct  boundary,  with  very 
dark  and  opaque  layers  outside  it.  Several  fainter  lines  in  the  centrsd 
area,  but  these  I  regard  as  all  occurring  in  the  first  year's  growth. 

With  the  exception  of  (i),  (2),  and  (6),  therefore,  all  these  specimens 
were  two  years  old  and  at  the  commencement  of  their  third  year. 

Larger  Plaice,  caught  21  milks  S.S.E.  of  Aberdeen,  about 

March  8,  1905. 

MALE. 

(/)  2fi'7cm.y  immature. — Testes  a  mere  narrow  Imud  along  the  anterior 
interspinous  bone  at  posterior  border  of  body  cavity.  Otolith  shows 
three  complete  zones,  with  no  distinct  indication  of  the  beginning  of  the 
fourth.     May  be  tiiken  to  be  three  years  old. 

FEMALES. 

{1)  20cm.  long,  immature. — Five  distinct  zones  in  otolith.  It  would 
appear,  therefore,  that  this  fish  would  be  at  the  end  of  its  sixth  year  when 
it  began  to  spawn. 

(2)  34'7cm.,  immature. — Ovary  verj  small,  without  yolked  eggs.  Four 
complete  zones  in  otolith,  last  one  scarcely  as  wide  as  the  others,  bat  still 
too  wide  to  be  considered  the  deposit  of  the  season  now  commencing. 

(J)  J7'5cm.,  immaiure, — Otolith  shows  five  distinct  zones,  including, 
of  coui-se,  the  central  area.  The  fish,  therefore,  five  years  old.  The  fifth 
zone  is  not  quite  so  wide  as  the  fourth.  In  the  scales  also  five  zones  can 
be  distinguished,  but  not  so  certainly  or  clearly  as  in  the  otoliths. 
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In  the  coracoid  four  complete  zones  are  visible,  .and  an  outer  fifth, 
which  is  narrower.  In  the  sub-  and  inter -operculum  I  can  make  out 
no  distinct  zones  or  boundary  lines. 

(4)  oOcm.  {nhout  1  ff.  8  in.)  wwrfwre,  with  ripe  ovaries. — In  the 
right  otolith  six  complete  zones  visible  and  a  peripheral  seventh.  I  was 
in  some  doubt  whether  this  last  was  the  seventh  annual  growth  in  pro- 
gress, or  whether  it  was  really  complete  in  the  preceding  winter  and  the 
eighth  about  to  commence.  The  latter  view  seems  more  probable,  so 
that  this  fish  is  seven  years  old.  As  it  is  far  beyond  the  limit  of  size 
for  immature  plaice,  it  may  have  spawned  either  once  or  several  times 
previously. 

The  zones  in  the  scales  were  rather  difficult  to  distinguish,  but  there 
were  apparently  seven,  including  the  central  region  and  the  extreme 
external  zone.  In  the  coracoid  also  there  were  visible  six  complete  zones 
and  a  seventh  at  the  periphery.  The  latter  was  narrower  than  the 
others,  and  opaque,  like  the  commencement  of  a  year's  growth.  At  present 
I  do  not  know  when  the  new  growth  commences,  but  in  examining  other 
specimens  subsequently  I  have  assumed  that  the  outermost  zone  in 
specimens  collected  in  March  and  April  represents  the  last  complete 
year,  and  not  the  commencement  of  the  new  annual  growth. 


Heads  and  Pectoral  Rbgfons  of  Plaice  sent  from  Aberdeen,  16th 

Decbmbeh  1904:   Sex  not  stated. 

(/)  '^O'^cw.  {10\  inches  actual  measurement). — Otolith  shows  three 
zones,  that  is  to  say  central  area,  complete  second  zone,  and  external 
zone.  The  fish  is  therefore  in  its  third  year ;  the  third  year  would  bo 
completed  some  time  in  the  commencement  of  next  year. 

{2)  Sl'Jrm.  (12 J^  inches  actual  measurement). — Otolith  shows  same 
condition,  indicating  that  the  fish  is  in  its  third  year.  If  I  understand 
him  aright,  this  would  be  placed  by  Heincke  in  the  second  group,  plaice 
which  have  lived  two  complete  years  and  are  in  their  third.  In  this 
case,  the  fish  is  larger  than  the  maximum  for  this  age  of  plaice  on  the 
Sylt  grounds  off  the  German  coast  (fig.  12). 

{S)  Socin.  (14  inches  actual  measurement). — Otolith  shows  four- com- 
plete zones^  and  a  fifth  at  the  margin.  Same  number  could  be  made  out 
in  the  scales,  in  the  coracoid,  and  in  the  conical  hollow  on  the  faces  of  the 
vertebras  (pi.  viii.,  fig.  11  otolith,  fig.  10  scale). 

(4)  ST'ocm.  {15  inches  actv/d  measurement). — The  otolith  shows 
seven  zones,  including  both  the  central  area  and  peripheral  zone.  Accord- 
ing to  this,  the  fish  was  in  its  seventh  year  (pi.  vii.,  fig.  5).  The  first  three 
zones  are  strongly  separated,  but  the  fourth  and  sixth  boundary  lines  were 
much  less  distinct,  and  it  seemed  possible  that  they  might  be  accidental 
and  not  annual  lines.  In  this  case,  however,  the  fourth  and  fifth  zones 
would  be  of  disproportionate  width,  so  that  it  seems  more  probable  that 
the  fish  is  really  in  its  seventh  year  and  not  in  its  fifth. 

(5)  4^'^^f'f'  (^«^|  inches  actual  measurement).  —  The  otolith  shows 
five  zones,  including  the  peripheral  one.  In  this  specimen  I  examined 
the  hollow  of  the  vertebral  centra  and  the  coracoid,  and  have  figured 
them  (fig.  14).  In  these  also  five  zones  can  be  distinguished,  though  the 
central  area  of  the  vertebral  surface  is  scarcely  visible,  that  is  to  say  it  is 
difficult  to  make  out  its  boundary  line. 

I  also  examined  a  large  plaice  50  5cm.  long,  bought  at  a  fishmonger's 
in  London  last  autumn.  The  otolith  showed  six  zones.  The  fish  was  a 
mature  female,  and  was  therefore  in  its  sixth  year. 
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Cod  from  A^erdbbn,  caught  October  1900. 

Length  of  fish  8* 6cm.  (3f  inches).  Length  of  scale  from  side  of  body 
*94mm.,  breadth  *46mm.  Number  of  concentric  lines  on  scale  10  or  11. 
No  winter  zone.     Age  six  or  seven  months. 

Specimens  of  Cod  prom  Aberdeen,  caught  November  10,  1904. 

Of  the  following  four  specimens  only  parts  of  the  skin  and  pectoral 
girdle  were  examined,  so  that  only  the  scales  give  indications  of  age. 

(/)  Length  of  fish  4? '0cm,  (t  ft.  G^  hi ),  ?,  immature. — Length  of 
scale  2'4mm.  Two  winter  zones  distinguished  Within  the  first  winter 
zone  9  or  10  rings,  from  first  to  second  19  or  20,  outsi<1e  the  second 
6  or  7.  Age  inferred  two  years  and  about  six  months.  The  rings 
in  this  and  other  cases  are  counted  on  the  posterior  part  of  the  scale,  as 
they  do  not  all  seem  to  extend  round  the  whole  scale. 

{2)  Length  of  fish  54jcm.  (J  ft.  9^  in.),  cJ,  immature. — Number  of 
lines  in  first  annual  zone  9  or  10,  in  second  13,  in  third  10,  beyond  9. 
Probable  age  three  years  six  months.  I  was  not  quite  certain  in  this 
case  about  the  number  of  winter  zones  in  the  outer  part  of  the  scale ;  the 
total  number  of  complete  annual  zones  may  have  been  two  or  three,  but 
three  seemed  more  probable. 

(.7)  Length  offish  64cm.  {2  ft.  -/ftn.),  $,  immature. — First  zone  10  lines, 
second  12  to  14  lines,  third  12  lines,  outside  8  or  9.  Some  doubt  as  in 
previous  specimens.  Age  of  fish  three  years  six  months,  or  possibly  two 
years  six  months.  * 

{4)  Length  of  fish  73cm.  (2  ft.  5^  in.), — S  with  large  testes  but  not 
ripe,  probably  mature.  First  zone  10  lines,  second  12  to  15,  third  12  to 
15,  beyond  4  or  5.     Probable  age  three  years  six  months. 

Specimens  of  Cod  caught  at  Aberdeen  about  March  9. 

(i)  Length  of  fish  24'Scm.  {10  in.). — Otolith  shows  two  annual 
zones.  Scale  also  shows  two  zones;  number  of  rings  in  first  13  or  14. 
Age  inferred  two  years.  _ 

{2)  Length  offish  S0'5em.  {L2]r  in.). — Both  scales  and  otolith  indicate 
two  annual  zones.     Inferred  age  two  years. 

(.?)  Length  of  fish  S0*7nn.  {12\  in.), — In  the  scales  a  single  winter 
boundary  zone  is  quite  evident.  It  is  also  evident  that  the  ridges  are 
close  together  at  the  edge  of  the  scale,  showing  that  the  winter  growth 
was  nearly  or  quite  finished  when  the  fish  was  killed.  Inferred  age  two 
years.  A  transverse  section  of  the  otolith  also  showed  two  annual  zones 
(pi.  viii.,  fig.  16). 

{4)  Length  of  fish  33'5cm,  {13^  in,). — In  scales  one  complete  annual 
zone  and  another  outside  it.  It  seemed  as  if  the  two  or  three  outermost 
rings  belonged  to  the  commencement  of  the  new  summer's  growth,  but  I 
was  not  sure  of  this.  Number  of  rings  in  first  annual  zone  14-15,  in 
second  16,  beyond  3.  Transverse  section  of  otolith  also  showed  two 
complete  annual  zones.  Both  in  scales  and  otoliths  a  slight  interruption 
was  visible  in  the  first  summer's  growth,  but  this  did  not  seem  to  be  a 
definite  winter  zone.  Such  an  interruption  might  occur  probably  enough 
occasionally  from  unfavourable  conditions.     Age  inferred  two  years. 

The  following  specimens  of  cod  were  obtained  at  the  same  time,  and 
the  heads  were  sent  to  me,  with  labels  indicating  the  size  and  condition 
of  the  fish  : — 

{!)  Length  of  fish  44'Scm,  (i7j  in,\  1|  lbs,  weight.— ^  with  small 
ovary,  probably  immature.  Otolith  in  transverse  sectio  shows  three 
annual  zones.     Inferred  age  three  years. 
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(2)  Length  of  fish  45'6cm.  {18\  tn.),  2\  lbs.  weight, — Scales  behind 
head  show  two  winter  zones  besides  the  external  edge,  in  other  words 
three  annual  zones.  First  zone  12  rings,  second  17  to  19,  third  about  13. 
Otolith  also  shows  three  annual  zones  quite  distinctly.  Inferred  age 
three  years. 

{3)  L&ngth  of  fish  67'6cm.  (2  ft.  3  in.),  8^  lbs.  weight— S  with 
small  ovary,  apparently  immature.  Scale  from  pectoral  region  shows 
three  winter  zones  besides  the  outer  edge,  in  other  words  four  annual 
zones  complete.  The  first  zone  contains  14  rings,  the  second  20,  the 
third  16,  the  last  only  7.  It  might  be  supposed  that  the  last  zone  was 
only  the  commencement  of  the  present  season's  growth,  or,  on  the  other 
hand,  the  fourtli  winter  zone  might  not  be  complete,  as  the  water  is  still 
cold  in  March.  I  thought  it  most  propable  that  the  fish  was  four  complete 
years  old.  In  the  transverse  section  of  the  otolith  four  complete  zones 
were  visible.  In  this  specimen  I  examined  the  pectoral  girdle  and  the 
concave  faces  of  the  vertebrw.  In  the  coracoid  I  could  with  difficulty 
make  out  three  boundary  lines  in  addition  to  the  outer  edge,  but  they 
were  very  indistinct,  and  would  be  untrustworthy  without  the  other 
indications.  In  the  hollows  of  the  vertebne  there  were  numerous  con- 
centric lines,  but  the  boundaries  of  annual  zones  were  net  distinct. 

According  to  these  latter  results,  the  cod  at  two  years  of  age  is  10  to  13 
or  14  inches  in  length,  at  three  years  17  to  19  inches,  at  four  years  27 
inches;  but  of  course  it  would  require  the  examination  of  a  large  number 
of  specimens  to  ascertain  the  average  and  range  of  sizes  at  these  ages. 

Specimens' op  Cod  PRoikt  Experiments   described  by  Dr.  Fulton  in 
Twenty- SECOND  Report  of  the  Board  (for  1903). 

In  the  last  Report  Dr.  Fulton,  in  his  paper  on  "  The  Rate  of  Growth 
of  Fishes,"  described  certain  experiments  on  the  influence  of  temperature 
on  the  growth  of  cod  and  other  fishes,  experiments  which  were  carried 
out  in  tanks  in  the  Board's  Marine  Laboratory  at  Aberdeen.  Several  of 
the  specimens  which  formed  the  subjects  of  these  experiments  were  sent 
to  me  by  Dr.  Fulton,  and  I  have  examined  them  with  the  following 
results.  Some  of  the  specimens  were  from  Tank  I.,  in  which  the  water 
was  of  the  natural  temperature^  not  artificially  heated.  Dr.  Fulton  does 
not  give  any  dates  in  connection  with  these  experiments,  but  I  presume 
that  the  codling  were  put  into  the  tank  in  the  autumn  of  1903.  They 
were  then  from  12cm.  to  15cm.  long,  or  six  inches  and  less.  It  is  not 
certain,  but  seems  most  probable,  that  they  were  then  in  their  first  year. 
They  were  killed  on  August  4,  1904,  and  then  sent  to  me. 

(i)  Cod,  Tank  /.,  20'4cm.  long, — The  otolith  in  transverse  section 
shows  two  annual  zones,  i.e,  a  central  opaque  region,  then  a  zone  of  more 
transparent  lamina?,  then  a  zone  of  opaque  laminse  again.  The  trans- 
parent zone  corresponds  to  the  previous  winter,  and  the  specimen  supports 
the  view  that  the  opaque  lamina;  are  deposited  in  summer,  as  they 
extended  almost  to  the  edge,  showing  that  they  were  being  formed  when 
the  fish  was  killed  in  August.  The  specimens  were  preserved  in  formaline, 
and  the  skull  bones  were  rather  soft,  but  the  layers  of  the  otolith  were 
not  obscured.  In  the  scales  also  a  winter  zone  was  visible,  the  ninth  to 
twelfth  rings  being  narrower  and  closer  together. 

(2)  24'Scm. — In  this  also  I  made  out  two  annual  zones  in  the  otolith, 
though  the  winter  zone  was  not  quite  so  transparent.  In  the  scales  the 
winter  zone  included  rings  15  to  21  and  was  quite  distinct,  beyond  it 
were  only  seven  or  eight  rings. 

These  specimens,  therefore,  were  in  their  second  summer,  according  to 
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the  structural  indications,  and  this  conclusion  seems  to  be  in  accordance 
with  the  actual  age. 

Whiting  from  Tank  /.,  2J^'8cin,  long. — Otolith  shows  one  complete 
year  and  commencement  of  second,  i,e.  dark  central  region,  then  trans- 
parent zone,  then  dark  external  zone.  The  scales  also  show  a  distinct 
winter  zone  ;  there  are  14  summer  lines,  then  12  winter  lines,  ending  in  a 
very  distinct  boundary  of  one  or  two  very  narrow  rings;  outside  this 
boundary  the  new  summer  growth  shows  only  seven  or  eight  rings. 
Evidently  the  growth  of  the  year  is  not  very  large  even  at  the  beginning 
of  August.  These  whiting  were  14cm.  to  20cm.  long  when  put  into  the 
tank,  and  it  might  be  thought  that  they  must  then  have  been  in  their 
second  year,  but  the  structural  indications  are  that  the  fish  were  only  in 
their  second  year  when  killed. 

Cod  from  I'ank  No.  ^,  length  -iO-Gcm. ;  killed  November  5.  1904. — 
I  only  received  one  specimen  from  this  tank,  which  was  kept  artificially 
warm  during  the  winter  1903-04.  This,  however,  had  not  prevented  the 
appearance  of  the  boundaries  between  the  annual  zones  of  growth,  for  the 
transverse  slice  of  the  otolith  distinctly  showed  two  annual  zones,  and 
showed  also  a  transparent  zone  externally  in  addition  to  the  layers  seen  in 
the  specimen  killed  in  August.  The  scales  also  showed  one  winter  zone 
at  rings  15  to  20,  and  outside  this  19  rings.  To  anyone  who  refers  to 
Dr.  Fulton's  paper  this  will  not  seem  surprising,  for  his  tables  show 
that,  in  spite  of  the  artificial  increase  of  temperature  in  the  tank 
in  winter,  the  cod  grew  nearly  twice  as  fast  in  the  last  55  days  of  the 
experiment  than  in  the  first  100.  The  growth  was  therefore  slower  in 
the  winter,  and  the  reduction  of  growth  is  shown  by  the  winter  zone  in 
otolith  and  scales. 
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DESCRIPTION    OF   PLATES. 


PLATE  VII. 

Fig.    1.  Scale  ol  PLiic^c,  8*7f^ni.  long,  caught  near  Al>ordcon,  May  1904.      Zeifw 

a,  Oc.  3  camera. 
Fig.    2.  Otolith  of  Plaice,  5'6cm.  lone,  hatched  in  the  Rpring  of  1903,  reai-ed  in 

small  tank,  and  kille<l  Nov.  5,  19(>4.     ZciHs  a,  Oc.2. 
Fig.    3.  Scale  of  same  specimen,  actual  length  '29mm.     Zeiss  A  Oc.3. 

Fig.    4.  Otolith  of  Plaice,  6-6cm.  long,  6,  from  Solway  Firth,  caught  April  1905. 
Fig.    6.  Otolith  of  Plaice,  37"5cm.  (15    inches)  long.      Zeiss  a,  Oc.2.      Shows 

seven  zones,  indicating  apparently  seven  years  of  age. 
Fig.    6.  Otolith  of  Plaice,  12-2cm.  long,   from  Solway  Firth,  caught  April  1905. 

Zeiss  a,  Oc.2  camera.     Shows  two  annual  zrmes. 
Fig.    7.  Otolith  of  Plaice,  22  ^cm.  long,  caught  near  Abenleen,  April  1,  1905. 

Zeiss  a,  Oc.2  camera. 

Fig.    8.  Otolith  of  Plaice,  9*2cm.  long,  $  immature,    fn^m  Solway  Firth,  April 
1905,     Zeiss  a^  Oc.2  camera. 
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Fig.  9.  Otolith  of  Plaice,  I2cn].  long,  $  immature,  caught  near  Aberdeen,  April 
1,  1905.     .Shows  only  one  year's  growth. 

PLATE  VUL 

Fig.  10.  Scale  of  Plaice,  35cm<.  long  (14  inches),  from  Aberdeen.     Zeiss  A  Oc.2. 

Shows  five  annual  zones  of  growth. 
Fig.  11.  Otolith  of   same  specimen.     Zeiss  a,  Oc.2.      Shows  also  five  zones  of 

growth,  with  slight  irregularity  in  fourth  zone. 
Pig.  1*2.  Otolith  of  Plaice,  31  •2cm.  long  {\2\  inches),  from  AlKjrdeen.     Shows 

three  annual  zrmcs. 
Fig.  13.  One  of  the  anterior  vertebrae  of  Plaice,  18J  inches  long,  from  Aberdeen, 

showing  the  zones  of  growth  in  the  concave  face  of  the  vertebra. 
Fig.  14.  Coracoid  and  scapula  of  same  specimen,  showing  five  zones  of  gniwth. 
Fig.  15.  Scale  of  Ctxl  fnmi  Dr.  Fulton's  experiments,   kuled  August  1904,  in  its 

second  year.     Zeiss  A  Oc.2  camera.     Shows  two  animal  zones. 
Fig.  10.  C'ofl,  30*7cm.   long,  caught  near  Aberdeen,  March  1905.      Transverse 

s(.>ction  of  otolith,  showing  two  annual  zones  of  growth. 

PLATE  IX. 

Fig.  17.  Transverse  section  of  skin  of  Cod  from  Dr.  Fulton's  experiments.  Pre- 
served with  formaline.     Zeiss  A  Oc.3. 

Fig.  18.  Portion  of  same  section  under  hisher  power,  to  show  nuclei  on  upper 
and  lower  surfaces  of  scale,  and  at  edge. 

Fig.  19.  Surface  \iew  of  scale  of  Whiting  under  higher  power,  showing  nuclei 
on  upper  surface  and  their  relation  to  the  ridges  of  the  scleritcs. 

Fig.  20.  Pectoral  girdle  of  Oxi.  C7.  =  Cleithnim  (clavicle).  Co.  =CJoracoid. 
S.  =  Scapula. 
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VI.— ON  SOME  NEW  AND  RARE  CRUSTACEA  FROM  THE 

SCOTTISH  SEAS. 

By  Thomas  Soott,  LL.D.,  F.L.S.,  etc. 

(Plates  X.-XIII.) 


Pbbliminabt  Note. 

The  Crustacea  mentioned  in  the  following  notes  were  obtained  for  the 
most  part  in  collections  made  during  various  Fishery  investigations 
carried  out  under  the  direction  of  Dr.  T.  Wemyss  Fulton,  Scientific 
Superintendent  of  the  Fishery  Board  for  Scotland. 

Several  of  the  forms  described  appear  to  be  new  to  science,  others  have 
not  before  been  recorded  from  the  Scottish  seas,  and  one  or  two  belong 
to  a  curious  parasitic  group  of  minute  Copepoda  found  usually  in  the  mar- 
supium  of  Crustacean  species  belonging  to  the  Amphipoda,  Sympoda,and 
others  of  the  smaller  Malacostraca. 

The  following  are  the  species  described  : — 

Pseudocydopia  giesbreMi,  Wolfenden — male  described  for  the 

first  time. 
Euryie  longicauda^  Philippi,  var.  minor — new  variety, 
Longipedia  coronata,  C^laus — new  to  Scottish  fauna. 
Stenhelia  pygmcea^  Norman  and  Scott — new  to  Scottish  fanna. 
Ameira  elegans^  sp.  n. 
Laophonte  longiremiSy  sp.  n. 
Cletodes  sarsi,  sp.  n. 
DyspontiuB  curiieaudatua^  sp.  n. 
Spharonella  aorce^  sp.  n. 

,,  vararerms,  sp.  n. 

„  minuta. 

If  »       var. 

„  sp.  from  ffemUampropa  rosea, 

Areturella  dUatata — now  first  recorded  from  the  Forth  estuary. 

Dbsgriftion  op  the  Species. 
SUB-ORDER  CALANOIDA. 

FaM.    PeEUDOGTCIiOPIIDiE. 

Genus  Pseudocyclopia,  T.  Scott  (1892).  ♦ 
Psevdocydopia  Oiesbrechti,  Wolfenden.     PI.  x.,  figs.  1-9. 

1902.  Pseudoq/dopia  Giesbrechtty  Wolfenden,  Joum.  Mar.  Biol. 
Assoc,  Plymouth,  voL  vi.,  No.  3,  January,  1902,  p.  370, 
pi.  iv. 

*  The  Tenth  Annval  RepcH  of  the  Fishery  Board  for  Scotland,  III.,  p.  246  (1892). 
K 
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The  female  of  this  species  was  described  and  figured  by  Dr.  Wolfenden 
in  the  Journal  of  the  Marine  Biological  Association  for  January,  1902, 
but  the  male  appeared  to  be  unknown. 

The  male  specimen  (fig.  1),  which  I  now  propose  to  describe,  agrees  so 
closely  with  Dr.  Wolfenden's  definition  and  figures  of  the  female  that, 
after  making  allowance  for  sexual  differences,  I  have  no  hesitation  in 
ascribing  it  to  the  same  species. 

The  cephalothorax  is  robust,  and  appears  to  be  composed  of  only  four 
segments,  but  the  fifth  is  so  small  as  to  be  almost  entirely  obscured  by 
the  fourth ;  the  abdomen  is  slender  and  much  shorter  than  the  body ; 
rostrum  not  much  produced.  The  length  of  the  specimen  figured  is 
about  '8mm.  (about  A-  of  an  inch). 

Antennules  (fig.  1)  moderately  slender,  except  t)wards  the  proximal 
end ;  they  are  shorter  than  the  cephalothoracic  segment,  and  composed  of 
seventeen  joints  ;  the  basal  joint  is  large  and  stout  and  rather  more  than 
half  as  long  as  the  entire  length  of  the  remaining  joints,  which  are  all 
short — the  tenth,  fourteenth,  fifteenth  and  last  are,  however,  rather 
longer  than  any  of  the  other  twelve.  Tlie  formula  shows  approximately 
the  proportional  lengths  of  all  the  joints : — 

Proportional  lengths  of  the  joint*,  68-5-6-4-3-4-4'7-7-9-6'6-7*9'12"8*10 
Numbers  of  the  joints,  -        -       -  1    2   3   4   5   6    7    8    9   10  11  12  13  14  15  16   17 

Posterior  antennas,  outer  ramus  scarcely  so  long  as  the  inner  one,  and 
composed  of  five  joints — the  third  and  fourth  joints  are  very  small  and 
sparingly  setiferous  (fig.  3).*  Mouth  appendages  similar  to  those  of  the 
other  described  species. 

All  the  four  pairs  of  swimming  feet  (figs.  4-7)  are  also  similar  to  those 
of  the  other  described  species,  except  that  they  are  rather  more  hispid,  but 
especially  the  inner  branches  of  the  fourth  pair,  and  the  outer  branches 
also  to  some  extent.  In  this  pair  the  joints  are  more  or  less  covered 
with  minute  prickles,  as  shown  in  the  drawing  (fig.  7),  and  the  same 
character  distinguishes  the  fourth  pair  in  the  female  described  and 
figured  by  Dr.  Wolfenden. 

Fifth  pair  are  elongated  and  unequal  on  the  two  sides ;  the  left  leg 
is  long  and  slender,  for  though  the  first  and  second  joints  are  short, 
the  other  b  of  considerable  length,  and  is  probably  longer  than  the 
drawing  shows  it,  as  the  extremity  is  apparently  slightly  damaged;  a 
dense  fringe  of  small  delicate  hairs  extends  along  part  of  the  proximal 
half  of  the  inner  margin  of  the  slender  end  joint,  and  terminates  distally 
at  a  small  hook-like  process  (fig.  8).  The  right  leg  is  considerably  dilated 
at  the  proximal  end  of  the  second  joint,  but  becomes  attenuated  towards 
the  distal  extremity  ;  the  third  joint  is  narrow,  and  terminates  interiorly 
in  one  or  two  finger-like  processes ;  while  the  end  joint,  which  is  very 
slender,  and  tapers  gradually  to  a  pointed  apex,  is  furnished  with  a  smaU 
process  exteriorly  near  the  proximal  end,  as  shown  in  the  drawing  (fig.  8.). 
The  abdomen  is  composed  of  five  moderately  short  segments,  and  the 
furcal  joints  are  also  short  (fig.  9). 

Habitat. — Firth  of  Forth,  west  of  Queensferry.  Dredged  Nov.  17, 
1893,  but  only  now  described  and  figured. 

Remarks. — One  of  the  characters  peculiar  to  the  genus  Pseudoeyehpia 
is  the  presence  of  a  long,  moderately  stout  spine  which  springs  from  the 
inner  distal  angle  of  the  first  basal  joint  of  the  third  pair  of  legs  and 
reaches  to  about  the  end  of  the  inner  branch,  as  shown  in  figure  6. 

*  Dr.  Wolfenden  describes  the  posterior  antennsB  as  one-branched,  but  the  outer  ramus 
so  charaeterisUc  of  the  PseudocyclopiidsB  as  of  the  other  Calanoida  had  probably  beoooie 
accidentally  detached,  and  had  thus  given  to  the  posterior  antennee  an  appearance  some- 
what unique  among  Calanoida. 
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SUB-ORDEB  CYCLOPOIDA. 

FaM.    CTCLOPIDiE. 

Genus  Euryle,  Philippi  (1843). 

Euryie  longieauda,  Philippi,  var,  minor,     PI.  x.,  figs.  13  and  14. 

Euryte  longieauda  is  a  moderately  common  species,  and  has  already 
been  recorded  from  the  Firth  of  Forth  and  other  places.  Two  forms,  a 
smaller  and  a  larger,  have  occasionally  been  observed,  but  they  appear  to 
differ  very  little  from  each  other  except  in  size.  Figures  10  and  13  on 
plate  X.  show  a  female  of  the  usual  size  and  one  of  the  small  variety. 
The  first  measures  about  l*2mm.  and  the  other  'Smm.  in  length ;  the 
drawings  of  them  are  similarly  enlarged.  But  though  they  differ  so 
distinctly  in  size,  there  appears  to  be  scarcely  any  structural  difference 
between  them  ;  for  convenience  sake,  however,  the  small  form  might  be 
distinguished  as  var.  minor.  The  fifth  foot  in  this  variety  is  slightly 
different  in  shape  and  armature  from  that  of  the  other,  as  shown  by 
figures  12  and  14.  Both  of  the  forms  represented  here  are  from  South 
Bay,  Firth  of  Forth. 

SUB-ORDER  HARPAC ilCOIDA. 

FaM.    LONOIPEDIIDiB. 

Genus  Longipedia  (1863)^ 

Longipedia  coronata^  Glaus.     PI.  x.,  figs  15-17. 

Prof.  G.  O.  Sars  has  shown  that  the  Longipedia  usually  recorded  from 
Scottish  waters  as  Longipegia  coronata,  Glaus,  was  not  the  species 
described  by  him  under  that  name,  but  another  and  quite  distinct  form 
to  which  he  has  given  the  new  name  of  Longidepia  JScoHi,*  The  true 
L,  coronaia,  Glaus,  appears  to  be  moderately  rare  in  our  seas,  and  is  pro- 
bably limited  to  moderately  deep  water.  I  have  only  observed  it  in  two 
gatherings,  and  they  were  on  each  occasion  collected  in  over  fifty 
fathoms.  Longipedia  coronata,  Glaus,  which  is  scarcely  so  large  as 
Z.  SeoUi  shows  several  minute  points  of  difference  from  the  other  species, 
t.6.,  the  arrangement  of  the  three  prominent  setie  on  the  long  end- joint  of 
the  inner  branches  of  the  second  pair  of  legs  in  the  female  is  similar  to 
that  of  L.  minor f  Scott,  but  there  are  short  stout  spine-like  processes  at  the 
distal  end  of  the  basal  joints  of  the  outer  and  inner  branches  (fig.  15). 
The  fifth  pair  of  feet,  though  similar  to  those  of  L,  Scotti^  are  slightly 
different  in  form  and  armature  (fig.  16);  while  the  last  segment  of  the 
abdomen  bears  two  short  stout  spines  on  each  side  of  the  prominent 
medium  spine  on  the  posterior  dorsal  margin  (fig.  17). 

Habitat. — Moray  Firth,  off  Fraserburgh,  September  29,  1904, 
collected  by  Dr.  H.  G.  Williamson,  to  whom  I  am  indebted  for  the 
specimens.  The  same  species  was  also  obtained  in  one  of  the  '*Qold- 
seeker  "  gatherings,  and  is  recorded  in  the  Bulletin  of  the  Gouncil  of  the 
International  Bureau  for  November,  1904. 


San'  CrnfitaoM  of  Norway,  vol.  t.,  p.  11,  pi.  t.,  fig.  1  (1904). 
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Fam.  Stsnhiliidje. 

Genus  Sienhdia,  Boeck  (1864). 

t^enhelia  pygnuBa,  Norman  and  Scott 

1905.    Stenhelia  pygnueay  N.  and  S.,  Ann.  and  Mag.  Nat  His.  (7), 
vol.  XV.,  p.  284. 

This  small  species  has  reoently  been  noticed  in  a  gathering  of  Grostacea 
collected  at  Stotion  II.,  Firth  of  Forth,  on  December  26,  1894.*  It 
was  described  by  Norman  and  Scott  from  a  specimen  dredged  near 
Eddystone  Lighthouse  by  Rev.  Canon  A.  M.  Norman.t 

S.  pygnuBa  is  one  of  the  smaller  species  belonging  to  this  genus,  and 
measures  only  about  ^  of  an  inch  in  length ;  it  appears  to  differ  from 
other  described  species  by  the  peculiar  structure  of  the  antennnles  and  of 
the  first  pair  of  swimming  feet,  and  by  the  form  and  armature  of  the  fifth 
pair. 

Genus  Ameira,  Boeck  (1864). 

Ameira  degaiis^  sp.  n.    PI.  x.,  figs,  18  and  19  ;  pi.  xi.,  figs.  1-9. 

Description  of  the  Female. — The  body,  which  is  moderately  elongated 
and  slender,  has  a  general  resemblance  to  CwrUhocamptus  palustrU^  but 
it  is  rather  less  robust  and  somewhat  smaller ;  the  specimen  figured 
measured  only  '7mni.  (nearly  -^  of  an  inch)  in  length  (pi.  xL,  fig.  1). 

Antennules  moderately  elongated,  eight-jointed,  and  sparingly  seti- 
ferous  ;  the  second  joint  is  considerably  longer,  and  the  fifth  and  seventh 
smaller  than  the  others  (pL  xi.,  fig.  2).  The  formula  shows  the  lengths : — 

Proportionate  length  of  the  joints,  13  *  28  *  14  '  15  .  9  -  10  *  7  '  11 
Number  of  the  joints,   •        -        -12845678 

The  antenme  (posterior  antennae)  are  moderately  large,  and  are  each 
furnished  with  a  small  uniarticulate  outer  ramus  bearing  a  few  apical 
setae  (pi.  xi.,  fig.  3). 

Mandibles  narrow,  oblong,  masticatory  end  obliquely  truncated,  and 
armed  with  small  teeth ;  mandible  palp  small,  the  basal  part  famished 
with  two  setae  at  the  extremity— one  being  stout  and  spiniform,  and  one 
plumose — and  a  small  uniarticulate  branch  bearing  a  few  setae  is 
articulated  to  the  distal  half  of  the  basal  part  (pi.  xi.,  fig.  4). 

The  second  maxillipeds  are  stout,  and  armed  with  a  moderately  long 
terminal  claw  (pi.  x.,  fig.  18). 

The  swimming  feet  resemble  those  of  Canihocamptue  palusMs,  but 
differ  in  a  few  minor  particulars,  as  shown  by  the  drawings.  In  the  first 
pair,  which  are  moderately  stout,  the  first  joint  of  the  inner  branches 
reaches  to  slightly  beyond  the  end  of  the  outer  branch,  the  next  two 
joints  are  short,  but  the  end  joint  is  rather  longer  than  the  other ;  in  the 
outer  branches  the  middle  joint,  which  is  slightly  longer  than  the  first  or 
third  has  a  small  spine  on  the  inner  distal  angle ;  all  the  three  joints  have 
the  usual  marginal  spines— one  on  each  of  the  first  and  second  joints,  and 
three  spines  and  two  setae  on  the  lower  half  of  the  outer  margin  and  end 
of  the  third  joint  (pi.  xi,  fig.  5). 

In  the  second,  third,  and  fourth  pairs  the  inner  branches  are  all  shorter 
than  the  outer.  The  middle  joint  of  the  second  pair  bears  a  single  setae 
on  the  inner  distal  angle ;  but  the  end  joint,  which  is  rather  longer  than 

*  This  ^fathering  was  onl}'  partially  examined  at  the  time  it  was  collected,  and  it  has 
not  even  yet  been  exhaustively  dealt  with. 

fCf.  Ann.  and  Mag,  Nat.  Hut.  for  March,  1905,  p.  284. 
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the  other  two,  is  provided  with  two  aetse  ou  the  inner  margin,  two  spines 
on  the  outer  margin,  and  also  with  two  long  spines  of  unequal  length  and 
a  long  seta  at  the  apex  ;  the  inner  branches  have  the  outer  edge  of  each 
joint  fringed  with  minute  bristles,  and  a  moderately  long  seta  springs 
from  the  distal  angles  of  the  first  and  second  joints  and  from  the  lower 
half  of  the  third  joint ;  the  third  joint  is  also  armed  with  a  terminal 
spine  and  two  long  terminal  setse  (pi.  zi.,  fig.  6). 

The  armature  of  thiid  and  fourth  pairs  is  similar  to  that  of  the  second, 
except  that  there  are  two  setae  instead  of  one  on  the  lower  half  of  the 
inner  margin  of  the  last  joint  of  the  inner  branches  (pi.  z.,  fig.  19,  and 
pi.  zL,  fig.  7). 

The  fifth  pair  resembles,  to  some  extent,  the  same  appendages  in  female 
specimens  of  Canthocamptus  paltistris,  but  the  inner  portion  of  the 
primary  joints,  which  are  broadly  sub-triangular,  have  the  apex  more  or 
less  distinctly  truncated  rather  than  rouuded.  The  armature  of  the  inner 
portion  of  the  primary  joints  consists  of  five  apical  setae,  of  which  the 
three  inner  ones  and  the  outermost  are  only  of  moderate  length,  but  the 
other — the  second  from  the  outside — is  greatly  elongated.  The  secondary 
joints  are  oblong,  with  the  outer  and  inner  margins  nearly  parallel,  the 
length  being  equal  to  about  twice  the  width  at  the  broadest  part ;  outer 
margin  nearly  straight,  inner  slightly  convez,  apez  obliquely  truncate  and 
furnished  with  six  setce ;  the  second  from  the  inside  is  very  long,  while 
the  second  from  the  outside  is  short ;  the  otheis  are  of  varying  lengths,  as 
shown  in  the  drawing  (pi.  zi.,  fig.  8).  Furcal  joints  very  short  (pi.  zi., 
fig.  9). 

Habitat — West  of  Dunbar,  near  low  water,  collected  by  hand-net 
Ocober  16,  1894,  as  well  as  in  a  collection  from  Musselburgh  collected 
the  same  year ;  rare. 

Remarks. — Though  this  species  resembles  Canthocampitia  palustria  in 
some  respects,  the  difference  in  the  proportional  lengths  of  Uie  joints  of 
the  antennules  and  of  the  outer  and  inner  branches  of  the  first  pair  of 
swimming  feet,  and  also  in  the  form  of  the  fifth  pair,  and  especially  of  the 
secondary  joints  of  that  pair,  is  sufficient  to  distinguish  it. 

Fam.  Laophontid^. 
Qenus  LaopTionte^  Philippi  (1840). 

LaopTumte  longiremis,  sp.  n.    PI.  zi.,  figs.  10-20. 

Description  of  the  Female. — Body  slender,  and  somewhat  similar  to 
LaopJumte  thoradca  in  general  appearance.  The  cephalothoracic  segment 
is  equal  in  length  to  the  nezt  three  taken  together,  gibbous  on  the  under 
side,  the  ventral  margins  boldly  rounded,  the  depth  being  nearly  equal  to 
the  length  of  the  segment ;  the  remaining  segment  short  Furcal  joints 
about  equal  in  length  to  the  last  abdominal  segment.  Length  of  the 
specimen  represented  by  the  drawing  (fig.  10)  *6mm.  (about  -^  of  an 
inch). 

Antennules  long,  slender,  and  composed  of  seven  joints  (fig.  11);  first 
and  second  joints  subequal,  considerably  longer  than  the  first,  the  nezt 
three  small,  but  the  end  joint  is  nearly  as  long  as  the  combined  lengths  of 
the  three  preceding  joints,  as  shown  in  the  formulae  : — 

Proportional  lengths  of  the  joints,        -     16  *  26  *  22  *  7  '  4  •  7  '  16 

■  -m\-      ■        ^M^^^  M      ^f 

Number  of  the  joints,   -  -       -      1       2       8       4     6     6      7 

A  long,  slender,  sensory  filament  springs  from  the  upper  distal  angle 
of  the  fourth  joint,  as  shown  in  the  drawing. 
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The  posterior  antennn  are  moderately  slender  and  elongated,  and  the 
end  joint  is  armed  with  a  hook-like  process  on  the  outer  distal  angle  in 
addition  to  the  usual  terminal  8et»  (fig.  12) ;  outer  ramus  small,  uniarticu- 
late,  and  provided  with  two  marginal  and  two  terminal  setse. 

Mandibles  small  and  armed  with  a  few  bluntly-rounded  teeth  on  the 
biting  edge;  palp  small  and  furnished  with  a  minute  uniarticulated 
branch  (fig.  13). 

Maxillse  and  first  maxillipeds  as  in  L.  thoradca. 

Second  maxillipeds  also  similar  to  those  of  that  species,  the  terminal 
claw  being  long  and  slender  (fig.  14). 

In  the  first  psir  of  natatory  legs  the  inner  branch  has  the  joint  slender 
and  nearly  twice  the  length  of  the  entire  outer  branch,  and  it  bears  a  few 
minute  bristles  on  the  inner  margin ;  the  end  joint  is  small  and  armed 
with  a  moderately  stout  and  elongated  claw.  The  outer  branches  are 
composed  of  three  subequal  joints,  but  the  last  is  rather  smaller  than 
either  of  the  other  two  (fig.  1 5).  Outer  branches  of  the  second,  third, 
and  fourth  pairs  all  three-jointed,  elongated,  and  slender,  and  bearing  long 
slender  spiniform  marginal  setae  and  very  long  terminal  bristles,  as  shown 
by  the  drawing  (figs.  16-18);  inner  branches  short,  two-jointed,  and 
scarcely  reaching  to  the  second  joint  of  the  outer  branches ;  first  joint 
considerably  shorter  than  the  second,  and  each  furnished  with  a  single 
seta  near  the  end  of  the  inner  margin ;  the  end  joint  of  the  inner  branches 
of  the  second  and  fourth  pairs  has  a  single  seta  on  the  lower  half  of  the 
outer  margin,  two  on  the  inner  margin,  and  two  at  the  apex ;  but  in  the 
third  pair  there  are  three  setas  on  the  inner  margin  of  the  end  joint  of  the 
inner  branches. 

Moreover,  a  single  seta  springs  from  near  the  middle  of  the  inner 
margin  of  the  end  joint  of  the  outer  branches  of  the  second  pair,  and  two 
from  the  inner  margins  of  the  same  joints  of  the  third  and  fourth,  but 
otherwise  the  armature  of  the  outer  branches  of  the  second,  third,  and 
fourth  pairs  is  much  alike. 

Fifth  pair  of  moderate  size,  primary  joint  broadly  oblong ;  the  inner 
distal  angle  slightly  produced,  and  furnished  with  three  sette  on  the  inner 
margin — one  being  near  the  middle  aud  two  near  the  distal  end ;  the 
produced  part  bears  one  seta  also  on  its  inner  margin  and  three  others  of 
small  size  and  unequal  length  at  its  apex.  The. primary  joint  also  carries 
a  slender  spiniform  seta  on  the  outer  distal  angle  ;  the  secondary  joint  is 
narrow  and  elongated,  the  length  being  equal  to  fully  four  times  the 
width  at  the  broadest  part ;  it  is  provided  with  about  four  setas  on  the 
outer  margin,  one  on  the  inner  margin,  and  one  on  the  produced  and 
narrow  apex  (fig.  19). 

Habitai. — In  an  old  quarry  at  Granton,  Firth  of  Forth,  which  is  open 
to  the  sea  ;  collected  August  25,  1894 ;  rare.  This  species  differs 
from  any  other  known  to  me ;  no  male  has  yet  been  observed. 

FaM.   GLETODEIDiE. 

Genus  detodes,  Brady  (1872). 

detodes  Sarei^*  sp.  n.     PL  xiL,  figs.  1-9. 

Description  of  the  Female. — ^This  species  is  somewhat  intermediate 
between  Cletodes  neglecta  and  G.  Umgicaudata^  but  differs  from  C,  neg- 
lecta  in  having  longer  f ureal  joints,  and  from  G,  longuumdcUa  in  the 
f ureal  joints  of  that  species  being  still  more  elongated  (fig.  1).  The 
length  of  the  specimen  figured  is  about  *5mm.  (^  of  an  inch). 

*  Named  in  oompliment  to  Herr  ProfeMor  G.  0.  Sars,  the  eminent  Norwegian 
carcinologist. 
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The  antennules  (fig.  2)  are  very  short,  and  composed  of  five  joints ;  the 
length  of  the  second  joint  is  about  equal  to  that  of  the  last)  but  the  pen- 
ultimate joint  is  very  small,  as  shown  by  the  formula : — 

Proportional  lengths  of  the  joints,    -    6  •  13  •  9  •  2  •  13 
Number  of  the  joints,  -    1      2      3     4      5 

The  posterior  antennae  are  of  moderate  size,  the  end  joint  has  the  inner 
margin  fringed  with  minute  bristles,  while  two  short  set«e  spring  from 
the  distal  half  of  the  same  margin ;  the  outer  rami  is  very  small  and  uni- 
articulate,  and  furnished  with  two  or  three  setse  (fig.  3). 

The  mandible,  maxillse,  and  first  maxillipeds  are  similar  to  those  of 
G.  neglecta.  The  second  maxillipeds  are  very  small,  the  end  joint  has 
the  inner  margin  fringed  with  fine  bristles  and  bears  a  long  and  very 
slender  claw  (fig.  4). 

All  the  four  pairs  of  swimming  feet  are  moderately  short,  and  are  some- 
what similar  to  each  other  in  structure ;  the  outer  branches  are  three- 
jointed  and  bear  moderately  long,  slender  spines  or  setae  ;  the  end  joints  of 
the  outer  branches  of  the  first  and  second  pairs  are  each  provided  with 
four  terminal  setae,  but  the  third  and  fourth  pairs  have  five  setae  round 
^he  end  of  the  last  joint ;  these  joints  of  the  third  and  fourth  pairs  also 
differ  from  those  of  the  first  and  second  in  that  they  become  gradually 
and  distinctly  broader  towards  the  distal  extremity,  as  shown  in  the 
drawing  (figs.  7  and  8) ;  the  inner  branches  are  all  two-jointed,  short,  and 
narrow ;  the  first  joint  is  very  small,  but  the  second  is  elongated ;  the 
inner  branches  in  the  first  pair  scarcely  reach  beyond  the  end  of  the 
second  joint  of  the  outer  branches,  while  in  each  of  the  second,  third, 
and  fourth  pairs  the  inner  branches  are  slightly  shorter  than  those  of  the 
preceding  pair ;  the  inner  branches  of  the  first  and  second  pairs  are  each 
furnished  with  two,  and  the  others  with  three,  terminal  setae  (figs.  5-8). 

The  fifth  pair  are  small ;  the  primary  joint,  which  is  very  short,  is  pro- 
duced interiorly  into  a  narrow  plate,  which  becomes  somewhat  wider 
towards  the  distal  end,  and  is  furnished  with  a  short  and  moderately  elon- 
gated spine,  which  is  articulated  to  a  notch  near  the  middle  of  the  inner 
margin,  and  also  with  a  stout  and  moderately  long  spine  and  an  elongate 
seta  on  the  truncate  apex  ;  the  secondary  joint  is  long  and  very  narrow ; 
a  short  seta  springs  from  near  the  middle  and  another  from  near  the 
distal  end  of  the  outer  margin.  Moreover,  a  moderately  long  and  spini- 
form  seta  springs  from  near  the  distal  end  of  the  inner  margin  of  the 
secondary  joint,  and  there  is  also  a  slender  apical  seta  (fig.  9). 

The  farcal  joints  are  rather  longer  than  the  combined  lengths  of  the 
last  two  abdominal  segments,  and  they  each  bear  a  small  bristle  on  the 
upper  half  of  the  outer  margin  and  another  on  their  dorsal  aspect 

fTaWte^.— Firth  of  Forth,  1901 ;  rare. 

FaM.    HARPAOTIOIDiE. 

Genus  Harpacticus. 

Harpactu'Ms  uniremis,  Kroyer.     PI.  x.,  fig.  20. 

This  species,  which  is  so  fully  described  and  figured  by  Professor  G,  O. 
Sara  in  the  new  volume  of  his  Crustacea  of  Norway  now  in  course  of  pub- 
lication, has  been  observed  in  one  or  two  places  round  the  Scottish  and 
English  coasts  —I  have  even  obtained  it  in  material  washed  from  the 
filters  in  use  at  the  hatchery  at  the  Bay  of  Nigg. 

In  this  species  the  limbs  are  strongly  hispid,  and  it  is  otherwise  quite 
distinct  from  the  other  described  species  belonging  to  the  genus  found  on 
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oar  shores.     Figure  20  in  plate  x.  shows  one  of  the  fifth  pair  of  thoracic 
feet  of  a  female  specimen. 

FaM.    ASTBROCHEBIDiE. 

Genus  Dysponiius,  Thorell  (1859). 

DysporUius  curtieaudatus,  sp.  n.    PI.  xiii.,  figs.  1-10. 

Description  of  the  Female. — Length  *8mm.  (about  -^^  of  an  inch) ; 
somewhat  similar  to  Dyspantius  striattu  in  general  appearance,  but  con- 
siderably smaller,  except  that  the  abdomen  is  also  distinctly  shorter,  and 
the  cephalosome  rather  more  distinctly  triangular  in  front.  The 
abdomen  and  furcai  joints  are  very  short,  and  are  together  scarcely  longer 
than  the  combined  lengths  of  the  preceding  segments  of  the  metasome 

(fig.  1). 

The  antennules  are  short,  moderately  stout,  s^mnngly  setiferous,  and 
composed  of  eight  joints ;  second  and  last  joints  subequal  and  longer 
than  any  of  the  others ;  the  fourth  is  short,  being  only  about  half  the 
length  of  the  joint  on  either  side,  as  shown  in  the  annexed  formula  : — 

Proportional  lengths  of  the  joints,    14  *  25  •  10  *  5  *  10  *  8  *  10  *  23 
Numbers  of  the  joints,  ••-12345678 

A  short  sensory  filament  springs  from  about  the  middle  of  the  end  joint 

(fig.  2). 

The  antennsB  (posterior  antennse)  are  moderately  elongated,  four- 
jointed,  and  armed  with  three  moderately  stout  terminal  spines,  the 
middle  one  being  considerably  elongated  and  the  outer  very  small ;  the 
outer  ramus  is  rudimentary  (fig.  3).  The  siphon  reaches  to  about  the  end 
of  the  cephalosome. 

The  mandibles  are  very  slender,  and  a  small  portion  of  the  distal  end 
of  the  inner  margin  is  coarsely  dentate,  as  shown  in  the  drawing  (fig.  4). 

The  maxillffi  are  somewhat  similar  to  those  of  DyiponUus  stricUus, 
but  are  rather  stouter,  and  the  inner  ramus  is  proportionally  scarcely  so 
elongate,  being  only  slightly  longer  than  the  outer  ramus ;  the  terminal 
sets  of  the  outer  and  inner  rami  are  also  similar  to  those  of  that  species 
(fig.  5). 

The  first  maxillipeds  resemble  those  of  Dyspontius  fringeUa^  Giesb., 
very  closely  ;  they  are  furnished  with  a  small  fringe  of  sets  near  the  end 
of  the  second  joint ;  the  terminal  claw  is  moderately  short  (fig.  6). 

The  second  maxillipeds  have  the  second  joint  elongated,  but  the  third 
and  fourth,  which  are  subequal  in  length,  are  together  not  much  more 
than  half  the  length  of  the  second  joint ;  the  terminal  claw  is  stout  and 
moderately  short,  and  about  equal  to  the  combined  lengths  of  the  two 
preceding  joints  (fig.  7). 

The  swimming  feet  resemble  those  of  Dyspontius  stnatus.  In  the  first 
pair  neither  of  the  two  branches  bear  terminal  spines ;  the  first  joint  of 
the  outer  branch,  which  is  nearly  twice  as  long  as  the  next,  carries  a  short 
seta  on  the  distal  angle  of  the  outer  margin,  and  another  on  the  lower 
half  of  the  inner  margin  ;  the  second  joint  bears  a  short  spine  on  the  outer 
angle  and  a  seta  on  the  inner  margin,  while  the  last  joint  is  furnished 
with  two  small  spines  on  the  outer  margin,  two  setae  on  the  inner  margin 
and  two  more  sets  at  the  apex ;  the  first  joint  of  the  inner  branches  bears 
one  and  the  second  two  seUe  on  their  inner  margin,  while  the  third  carries 
three  on  the  inner  margin,  one  small  seta  on  the  outer  margin,  and  two  of 
moderate  length  at  the  apex,  as  shown  in  the  drawing  (fig.  8) ;  the  second 
pair,  which  were  somewhat  similar  to  the  third,  were  damaged  and  no 
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drawing  is  given  of  them.  In  both  branches  of  the  third  pair  the  armature 
of  the  first  and  second  joints  resembles  that  of  the  same  joints  in  the  first 
pair,  but  in  the  third  joint  of  the  outer  branches  there  are  three  short 
spines  on  the  outer  margin,  five  setsB  on  the  inner  margin,  besides  a 
moderately  stout  terminal  spine ;  while  that  of  the  third  joiiit  of  the 
inner  branches  has  three  set®  on  the  inner  margin,  a  small  seta  on  the 
outer  margin,  and  a  stout  spine  with  a  seta  in  front  of  it  at  the  apex 
(fig.  9). 

In  the  fourth  pair  the  outer  branches  only  are  developed,  and  resemble 
the  outer  branches  of  the  third  pair ;  the  inner  branches  are  represented 
by  a  minute  digitiform  process  (fig.  10). 

The  fifth  pair  very  minute. 

Habitat. — Dredged  in  the  vicinity  of  Culross,  a  few  miles  above 
Queensferry,  Firth  of  Forth. 

This  form  is  in  some  respects  similar  to  Dyspontiua  striatits^  but  it 
differs  in  having  only  eight-jointed  antennules  and  in  the  abdomen  being 
very  short.     The  male  is  unknown. 

FaM.    NlCOTHOIDi£. 

Genus  Nicothoe^  Aud,  and  M.  Edw.,  1826. 

Nicothoe  astaci,  Audouin  and  M.  Edwards. 

1826.     Nicothoe  astaci,  Aud.  and  M.  Edw.,  Ann.  Sci.  Nat.,  Ist 
ser.,  vol.  ix.,  p.  345,  taf.  49,  figs.  1-9. 

Dr.  H.  C.  Williamson,  while  examining  a  lobster  sent  to  him  from 
Dunbar,  observed  this  curious  parasite  adhering  to  one  of  the  gills  and 
kindly  handed  it  over  to  me.  This  is  the  first  specimen  of  Nicothoe  I 
have  seen  from  the  Forth  district.  The  distribution  of  this  species,  so 
far  as  concerns  the  British  Islands,  appears  to  be  coextensive  with  its 
host. 

FaM.   CHONIOSTOMATIDiE. 

Genus  Sphasrondla^  Salensky  (1868). 

Spkcerondla  minuta,  T.  Scott.    PI.  xii.,  fig.  18;  pi.  xiii.,  fig.  16. 

This  small  form — parasitic  on  the  Amphipod  Perioculodes  longimanua 
(Spence  Bate) — was  described  in  Part  III.  of  the  Twenty-second  Annual 
Report  of  the  Fishery  Board  for  Scotland,  published  in  1904  (pi.  xv.,  figs. 
11-15).  One  or  two  more  specimens  of  PenoctUodes  infested  with  the 
same  species  of  Sphcerondla  were  recently  observed  in  gatherings  of 
small  Crustacea  collected  in  the  Moray  Firth  by  Dr.  H.  0.  Williamson, 
to  whom  I  am  indebted  for  the  specimens.  Figure  18,  plate  xii.,  shows  a 
Perioculode8  with  a  parasite  in  situ,  and  figure  16,  plate  xiii.,  shows  an 
enlarged  drawing  of  an  adult  female  bearing  two  ovisacs,  each  of  which 
is  about  as  large  as  the  parasite  itself. 

SphaTonella  minuta,  var.  valida.    PI.  xiii.,  fig.  17-20. 

This  form,  which  was  obtained  in  the  marsupium  of  an  amphipod, 
Mdamphopvs  cornutuSy  Norman,  resembles  SpJutronella  mintUa  so  closely 
except  in  size,  that  I  can  only  regard  it  as  a  large  variety  of  that  species. 
The  female,  which  is  represented  by  the  drawing  (fig.  17,  pi.  xiii.;, 
measures  '73mm.  in  length,  or  about  one  and  a  half  times  the  size  of 
S.  mintda.    The  body  is  globular  in  form  and  the  appendages,  so  far  as 
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they  could  be  made  out,  appeared  to  be  closely  similar  to  the  correspond- 
ing appendages  in  S.  mintita.  No  males  have  yet  been  observed.  The 
Amphipod  was  obtained  in  a  gathering  of  small  GruAtacea  collected  off  the 
east  side  of  Inchkeith,  Firth  of  Forth,  in  May,  1901. 

SphceroneUa  aoroi,  sp.  n.    PL  xii.,  figs.  10-17. 

Female  moderately  large ;  its  outline,  when  seen  from  above,  had  an 
obscurely  quadrate  appearance  and  was  about  as  long  as  broad  ;  the  head 
forms  a  small  rounded  protuberance  in  front ;  length  *86mm.  (about  ^  of 
an  inch)  ;  ovisacs  large  (fig.  10). 

Antennules  apparently  four-jointed,  but  the  end  joint  is  very  small ; 
the  penultimate  joint,  which  is  equal  to  about  one  and  a  half  times  the 
length  of  the  one  that  precedes  it,  is  furnished  with  a  number  of  short 
setae  (fig.  12). 

The  first  mszillipeds  are  uniarticulate,  very  robust,  and  armed  with  a 
stout  terminal  claw  (fig.  14). 

The  second  maxillipeds  are  moderately  stout,  elongated,  and  four- 
jointed  ;  the  second  joint  is  as  long  as  the  third  and  fourth  combined, 
while  the  third  is  narrower  than  the  second  and  rather  longer  than  the 
ultimate  joint;  terminal  claw  short  and  stout  (fig.  15). 

The  male,  which  measures  about  '28mm.  has  a  somewhat  close 
resemblance  to  the  male  of  Sphwrondla  chinensio,  H.  J.  H.*  The 
cephalo-thoracic  plate  is  widest  posteriorly  where  the  breadth  is  about 
equal  to  the  length  ;  the  sides,  which  are  nearly  straight,  converge  towards 
the  proximal  end,  which  is  trilobed,  the  median  lobe  being  larger  than 
that  on  either  side,  abniptly  truncate  in  front  and  produced  slightly 
beyond  the  lateral  lobes,  which  are  bluntly  rounded.  Posterior  portion 
of  the  body  short,  semicircular  in  outline,  and  covered  with  short 
bristles  (fig.  11). 

The  antennules  of  the  male  differ  slightly  from  those  of  the  female ; 
they  are  rather  shorter  and  stouter  (fig.  1 3). 

The  second  maxillipeds  differ  considerably  from  those  of  the  female ; 
the  second  joint  is  moderately  stout,  but  comparatively  shorter  than  in 
the  second  maxillipeds  of  the  female,  and  furnished  with  two  or  three 
transverse  rows  of  short  bristles ;  the  two  end  joints  are  slender,  the 
ultimate  one  being  very  small  and  bearing  a  moderately  stout  claw  (fig. 
16). 

The  thoracic  legs  appear  to  be  uniarticulate  and  armed  with  one  long 
and  one  short  terminal  seta  (fig.  17V 

Habitat. — In  the  marsupium  of  Aora  gracila  (Bate),  from  a  townet 
gathering  collected  in  the  Doiiioch  Firth  by  Dr.  H.  C.  Williamson, 
which  he  kindly  handed  over  to  me  for  examination. 

SphceroneUa  vararensis,  sp.  n.     PI.  xiii.,  figs.  12-15. 

This  SphceroneUa  was  found  in  the  marsupium  of  an  Amphipod, 
Megaluroptu  agilie^  Norman,  captured  in  Burghead  Bay,  Moray  Firth,  by 
Dr.  H.  C.  Williamson,  on  Dec.  12,  1904,  and  kindly  handed  over  to 
me  along  with  some  other  interesting  things.  One  or  two  females  of  this 
parasite  were  observed,  but  no  males.  The  females  are  of  an  ovate  form, 
widest  in  the  middle,  and  nearly  one  and  a  half  times  longer  than  broad ; 
head  somewhat  produced  and  broadly  truncate  in  front  The  specimen 
represented  by  the  drawing  measured  '53mm.  (about  -^  of  an  inch)  and 
carried  two  ovisacs,  each  nearly  as  long  as  the  parasite  itself ;  the  ovisacs 
were  ovate  in  form,  broadly  rounded  on  the  outer,  but  flattened  on  the 

*The  <*  Chonioitomatidn,"  by  H.  J.  Hanaen,  pp.  106  and  112,  PI.  II.  and  PI.  III. 
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iuner  aspect  (fig.  1 2).  The  female  as  seen  from  the  side  is  moderately 
and  evenly  rounded  on  the  dorsal  aspect  and  somewhat  flattened  below, 
as  shown  in  figure  13. 

The  antennules  appear  to  be  four-jointed,  but  the  end  joint  is  very 
small,  while  the  penultimate  joint  is  nearly  as  long  as  the  preceding  two 
joints  taken  together  (fig.  14). 

The  second  maxillipods  are  moderately  large  and  composed  of  four 
joints ;  the  first  and  second  joints  are  robust,  and  the  second  is  consider- 
ably more  elongate  than  the  next  two  joints  combined,  which  are  short 
and  narrow,  and  furnished  with  a  short  terminal  claw  (fig.  15).  This 
form  does  not  agree  with  any  species  known  to  me.  No  males  were 
observed. 

(?)  Sphicronella  sp.  from  a  Ilemifamproptt  rosea  (Norman). 

A  moderately  large  Sj^hfvrondla,  bright  red  in  colour,  was  quite 
recently  obtained  in  the  mai*supiiim  of  a  specimen  of  Ilemilamp^'vps  rosea 
(Norm.)  captured  in  Loch  Fyne  by  Dr.  Williamson.  So  far  as  I  am 
aware  no  Chaniostomatofi  has  yet  been  recorded  from  this  8i)ecies  of  the 
Lampropidse. 

ISOPODA  VALVIFERA. 

FaM.    ARGTUKIDiE. 

Genus  Arciurella,  G.  O.  Sars,  1897. 

Arcturella  dilaiata^  G.  O.  Sars.    PI.  xiii.,  fig.  11. 

1897.     Arcturella  dilafata,  G.  O.  Sars,  Crustacea  of  Norway,  vol. 
ii.,  p.  92,  pi.  xxxviii. 

A  male  s]>eciuien  of  this  species  was  obtained  in  some  material  dredged 
ofi"  St.  Monans  on  May  22,  1901.  The  species  appears  to  be  widely 
distributed,  but  moderately  rare.  The  late  Dr.  RokTlhon  has  recorded 
this  species  from  the  Firth  of  Clyde,  and  I  have  observed  one  or  two 
specimens  in  gatherings  dredged  oil'  Fair  Island  in  October,  1900. 


DESCRIPTION   OF  THE   PLATES. 


PLATE  X. 
Pstudocyclopia  (jie^ntchti,  Wolfendeii. 


Fig.  1.  Male,  side  view   . 

Fig.  2.  Antennule 

Fig.  8.  Antenna  . 

Fig.  4.  Foot  of  first  pair . 

Fig.  5.  Foot  of  second  pair 

Fig.  6.  Foot  of  third  pair 

Fig.  7.  Foot  of  fourth  pair 

Fig.  8.  Foot  of  fifth  pair. 

Fig.  9.  Abdomen  ana  f ureal  joints 


Eurytt  iomjicauiUif  Philippi. 


Fig.  10.  Female,  dorsal  view 

Fig.  11.  Antennale 

Fig.  12.  Foot  of  fifth  pair 


Diaiu. 

X     90. 

X  260. 

X   260. 

X  260. 

X   260. 

X  260. 

X  260. 

X   260. 

X    195. 

X     90. 

X   195. 

.            • 

X   390. 
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Sttrytt  longkauda,  var.  minor. 

Fig.  13.  Fenuls,  donal  view        ..... 
Fig.  14.  Foot  of  fifth  pair  ..... 

LoHgipedia  coroaala,  Claui. 

Fi|{.  IS.  Foot  uf  second  pair,  female        .... 
Fig.   16.  Foot  of  fifth  pur,  female  .... 

Fig.  17.  laat  legmenl  of  abdomen  and  fnrcal  joint* 

Ameira  tUgaiu,  sp.  n. 


Harpacliau  unironu,  Kriiyer. 


Fig.  sa  Foot  of  fifth  pair 


Anuira  degana,  ap.  t 

Fig.     1.  Female,  side  view 

Fig.  2.  Antennule 

Fig.     3.  Antenna  . 

Fig.  4.  Mandible. 

Fig.  S.  Foot  of  firat  pair 

Fig.  6.  Foot  of  ecoond  pair 

Fig.     7.  Foot  of  fourth  pair 

Fig.  B.  Foot  of  fifth  pair 

Fig.  9.  ]>at  segment  of  abdomen  and  furcal  jointa 

LaopkonU  tongirfmit,  ep.  i 

F|g.  10.  Female,  side  view 

Fig.  11.  Anlennnle 

Fig.  13.  Antenna  . 

Fig.  13.  Mandible. 

-  Fig.  14. 

Fig.  IS.  Foot  of 

Fig,  16.  Foot  of  second  pair 

Fig.  17.  Foot  of  third  pair 

Fig.  18.  Foot  of  fourth  pair 

Fig.  19.  Foot  of  fifth  pair 

Fig.  20.  Lut  segment  of  abdomen  and  furcal  ji 


Fig.  1.  Female,  dorsal  view 

Fig.  2.  Antennule 

Fig.  3.  Antenna. . 

Fig.  4.  Second  maxilliped 

Pig.  &.  Foot  of  fitat  pair 

Fig.  6.  Foot  of  second  pair 

Fig.  7.  Foot  of  third  pair 

Fig.  S.  Foot  of  fourth  pair 

Fig.  9.  Foot  of  fifth  pur 
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Fig.  12. 

Fig.  13. 

Fig.  14. 

Fig.  16. 

Fig.  16. 

Fig.  17. 


Sphoirondla  minuta,  T.  Soott. 
Fie.  18.  Perioculodes  longimanus  with  the  Sphetronella  in  »Uu, 


Antennule,  female          .... 

X  780. 

Antennule,  male ..... 

X  780. 

First  maxilliped,  female 
Second  maxiUiped,  female 

X  780. 

X  780. 

Second  maxilliped,  male             .            .            .            . 

X   780. 

Foot  of  ?  second  pair      .... 

X  390. 

X  22*5. 


PLATE  XIIL 
DyapotUius  euriicaudcUtUf  sp.  n. 


Fig.  1.  Female,  dorsal  view 

Fig.  2.  Antennule 

Fig.  3.  Antenna  . 

Fig.  4.  Mandible. 

Fig.  5.  Maxilla    . 

Fig.  6.  First  MaxiUiped 

Fig.  7.  Second  maxiltiped 

Fig.  8.  Foot  of  first  pair 

Fig.  0.  Foot  of  thircl  pair 

Fig.  10.  Foot  of  fourth  pair 


ArcturtUa  dilaUUa,  Sars. 


Fig.  11.  Male,  dorsal  view 


Sj^hcn'oneUa  vararenais,  sp.  n. 

Fig.  12.  Female,  dorsal  view        .... 

Fig.  13.  Female,  side  view  .... 

Fig.  14.  Antennule  ..... 

Fig.  15.  Second  maxiUiped  .... 

Sphasrcndla  minuta^  T.  Scott. 
Fig.  16.  Female,  with  ovisacs      .... 

Sphifrandfa  mtnif^a,  var.  valida. 

Fig.  17.  Female,  dorsal  view        .... 

Fig.  18.  Female,  side  view  .... 

Fig.  19.  Antennule  ..... 

Fig.  20.  Second  maxiUiped  .... 
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X  90. 

X  120. 
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VII.— A  NOTE  ON  THE  HATCHING  OF  THE  CRAB  {CANCER 
PAGURUS).  By  H.  Chas.  Williamson,  M.A.,  D.Sc,  Marine 
Laboratory,  Aberdeen. 


In  the  summer  of  1902  a  quantity  of  the  fry  of  the  edible  crab  was 
distributed  in  the  sea  off  the  coast  of  Aberdeenshire. 

Nine  berried  crabs  (breester,  pea-parten)  were  obtained  chiefly  in  the 
neighbourhood  of  Aberdeen.  They  were  kept  in  two  concrete  tanks 
until  the  larvae  hatched  out.  Shelter  was  afforded  the  crabs  in  cavities 
formed  by  building  stones  up  on  the  sand-covered  bottom  of  the  tank. 
When  the  fry  hatched  out  it  was  attracted  to  the  glass  front  of  the 
tank,  from  which  side  the  light  entered,  and  when  present  in  quantity 
the  fry  formed  a  thick  white  cloud.  The  young  crabs  were  drawn  off 
into  the  carboys  by  means  of  a  syphon.  All  the  fry  of  the  crab 
deposited  near  Fraserburgh  and  Findochty  was  in  the  first  zoea  stage. 
The  crab  fry  was  disposed  of  as  follows  : — 

August  6,  1902. — About  1  million  set  free  about  1  mile  north  of 
Fraserburgh. 

August  7,  1902. — About  2  millions  set  free  about  |  mile  off 
Cairnbulg. 

August  19,  1902. — About  1  million  set  free  about  |  mile  off  St. 
Combs. 

September  15,  1902. — About  ^  million  set  free  about  |  mile  north  of 
Findochty. 

The  method  of  estimating  the  numbers  of  crab  fry  was  as  follows. 
The  fry  that  was  set  free  was  provided  by  nine  berried  crabs,  and  at  the 
low  average  of  half  a  million  eggs  to  each  crab,  should  number 
4 1  millions.  The  proportion  of  this  total  set  free  at  each  of  the  four 
above-mentioned  places  was  apportioned  approximately  by  the  number  of 
carboys  required  for  the  consignment. 

The  crabs  hatched  out  in  August,  September,  and  October.  The 
vitality  of  the  crab  fry  was  tested  in  the  following  manner.  Crab  fry 
were  crowded  into  a  glass  jar.  The  water  was  heated  to  17a|^  C,  and 
then  allowed  to  cool.     Next  forenoon  the  majority  was  alive  and  lively. 

On  one  of  the  journeys  the  water  in  one  of  the  carboys  was  cooled  to 
about  7°  C.  The  crab  fry  in  this  carboy  did  not,  at  the  end  of  the 
journey,  appear  to  be  in  any  better  condition  than  those  which  had  been 
filled  with  water  at  the  temperature  of  the  hatchery. 

The  crabs  which  furnished  the  fry  were  kept  alive  when  the  hatching 
was  finished,  and  some  lived  until  the  spring  of  1905.  The  history  of 
the  members  of  the  1902.  group  throws  some  light  on  certain  of  the 
problems  of  the  life-history  of  this  species.    It  has  been  already  outlined.* 

In  January  1903  two  of  these  crabs  were  dissected;  one  had  died, 
the  second  was  killed.  In  the  former  the  ovary  was  white,  with  a  very 
slight  pink  tinge.  There  were  a  few  red  eggs  in  a  bunch  near  the 
oviduct.    The  eggs  were  degenerating ;  they  were  disorganised  internally. 

*  Vide  Williamson.  **  Contributions  to  the  Life-histories  of  the  Edible  Crab  (Canicer 
paourus)  and  of  other  Decapod  Crustacea,  Ac." — Twenii/seamd  Annual  Report  of  the 
Fuhery  Boai-dfor  Scotland,  Part  III.,  1904. 
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One  spermatheca  was  empty  ;  the  other  had  a  large  quantity  of  sperms 
in  it.  The  swimmeret«  had  still  some  empty  egg-capsules  attached.  In 
the  crab  which  was  killed  the  ovary  was  the  colour  of  the  external  eggs. 
It  was  friable.  The  spermatheca  contained  a  good  quantity  of  sperms. 
The  endopodites  of  the  swimmerets  were  clean. 

In  October  1903  two  of  the  crabs  spawned.  One  which  was  killed 
had  an  ovary  that  appeared  to  be  ripe  ;  the  eggs  measured  *37  and  '4mm. 
in  diameter.     There  was  a  copious  supply  of  sperms  in  the  spermatheca. 

On  January  13th  1904  another  crab  was  found  to  have  spawned.  On 
February  14th  1904  two  of  the  non-berried  crabs  were  dead.  In  one, 
measuring  6  inches  across,  the  ovary  was  small  and  white,  but  mottled  to  a 
considerable  extent  here  and  there  with  red  eggs.  This  crab  had  evi- 
dently spawned  this  season,  although  the  eggs  had  not  remained  attached 
to  the  swimmerets.  There  was  a  small  quantity  of  sperms  in  each 
spermatheca.  The  second  crab  measured  7^  inches  across.  The  ovary 
was  dropsical.  There  was  a  large  quantity  of  sperms  in  both  spermatheca. 
There  were  lots  of  empty  egg-capsules  on  the  endopodites  of  the 
swimmerets. 

On  October  31st  1904  there  were  five  crabs  remaining  of  the  1902 
batch.  One  was  berried.  On  November  19th  1904  two  of  the  crabs  were 
berried.  In  l')ecember  1904  and  January  1905,  three  crabs  were  found 
dead.  On  January  12th  1905  two  crabs  remained;  one  of  these  was 
berried.  Both  crabs  were  found  dead  on  May  6th  1905.  During  the 
whole  period  not  one  of  the  crabs  cast. 

Casting. — The  Absorption  Arbab  on  the  Chela. 

In  a  previous  paper  I  described  the  absorption  which  takes  place  on 
the  three  proximal  joints  of  the  chela  at  the  time  when  the  crab  casts, 
whereby  the  withdrawal  of  the  chela  from  the  shell  is  facilitated.  I  was 
not  aware  at  that  time  that  a  detailed  description  accompanied  by  drawings 
had  been  published  by  J.  Couch.* 

*J.  Couch.  *' A  particular  description  of  somo  circumstaucos  hitherto  little  known, 
connected  with  the  procesA  of  Exuviation  in  the  Comroon  Edible  Crab."  Taraty-suiA 
Annual  Report  of  the  Royal  Cornwall  Fulifteehnic  Hocietf/j  1858. 
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VIIL— ON  THE  TAY  SPRAT  FISHERY, 

1904-1905. 

By  John  Flbtohib,  University  College,  Dundee. 


The  sprat  fishing  during  the  past  season  has  heen  exceptionally  poor. 
Only  1348  crans  of  sprats,  including  young  herrings,  were  taken  out  of 
the  river  this  season,  as  against  14,966  crans  during  the  season  of 
1883-1884. 

The  1348  crans  consisted  of  somewhere  about  44  million  young 
herrings  and  sprats,  of  which  some  52  per  cent.,  or  23  million,  were 
young  herrings  measuring  from  4*3  centimetres  to  17*5  centimetres  in 
length,  and  the  other  21  million,  or  42  per  cent.,  were  sprats  measuring 
from  4  centimetres  to  15  centimetres. 

Of  the  1348  crans,  some  894  crans  were  sold  as  fresh  fish  and  sent  ofif 
to  the  markets  of  London,  Birmingham,  Manchester,  Liverpool,  and  other 
English  towns ;  and  some  454  crans  (containing  over  7  million  yonng 
herrings)  were  sold  to  local  farmers  for  manure. 

The  894  crans  of  fresh  fish  brought  to  the  fishermen  a  sum  of  some- 
where about  ;C220,  and  the  454  crans  of  manure  brought  in  only  some 
^20. 

A  certain  number  of  young  herrings  and  sprats  were  also  destroyed 
while  the  men  were  engaged  at  the  sparling  fishing  further  up  the  river. 

During  October,  November,  and  December,  1904,  the  number  of  sprat 
boats  engaged  at  the  sparling  fishing  varied  from  5  to  20,  and  each  net 
brought  up  along  with  the  sparlings  from  1  to  6  buckets  of  yonng 
herrings  and  sprats  per  day.  During  the  latter  half  of  January  1905  the 
number  of  boats  varied  from  10  to  26,  and  these  were  getting  from  3 
buckets  to  lj|  crans  of  young  herrings  and  sprats.  Very  few  were 
caught  during  the  month  of  February. 

The  young  of  other  fishes  are  also  annually  destroyed  by  the  sprat  and 
sparling  fishermen,  but  apparently  not  in  any  great  quantities.  The 
useful  forms  include  the  young  of  the  whiting,  cod,  plaice,  dab,  flounder, 
and  sparling,  while  among  the  inedible  kinds  were  young  and  adult 
agoni,  cotti,  liparis,  lumpsuckers,  sand-eels,  sticklebacks,  &c. 

The  Broughty-Ferry  winter  herring  fishermen  and  the  sprat  fishermen 
strictly  observed  the  line  of  division  suggested  at  the  Local  Enquiry  of 
January  1 904,  viz. : — a  line  draMm  between  Broughty-Ferry  and  Tayport, 
the  sprat  fishers  being  restricted  to  the  part  of  the  river  above  that  line, 
and  the  Broughty-Ferry  men  never  going  beyond  it. 

During  the  course  of  this  season's  investigations  46  samples  of  mixed 
sprats,  young  herring,  and  other  fish  were  bought  and  examined.  The 
46  samples  consisted  of : — 
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Young  Herring, 

26,037 

Sprats, 

16,992 

Young  "Whiting, 

317 

„      Cod,         .                           .         . 

136 

„      Plaice, 

68 

„      Sparlings, 

26 

„      Flounders, 

18 

„      Dabs, 

15 

,,      Lythe, 

1 

• 

43,610 

Agonua  cataphractus,           .         .         .         . 

168 

Sand-eels  (Ammodytes  fohianuaj, 

40 

Viviparous  Blennies,   .... 

10 

Lumpsuckers.     Oydopterus  lumpua^ 

9 

Gobiua  tninutuSj 

9 

Butter-Fish.     Centronotus  gunnellus^     . 

9 

Liparia  mmitagui^       .... 

8 

Pipe-fish,  SyngncUhus,  sp.,  . 

6 

Fifteen-spined  Stickleback, 

2 

Three-spined  Stickleback,     . 

1 

261 


In  most  cases,  also,  the  sprats  and  herrings  were  carefully  measured 
with  a  view  to  determining  the  rate  of  growth  of  the  species  and  the 
probable  growth  of  the  fish  caught.  These  measurements  will  be  dealt 
with  on  another  occasion. 


Number  op  Sprats  Measursd. 


October,    ....... 

November,                  

December, 

January,             

February, 

977 
3438 
2238 
2112 
2233 

Number  of  Herring  Measured. 

October, 

November, 

December, 

January, 

Februar}\ 

10,998 

733 
2983 
2269 
2287 
1983 

10,255 

The  43,000  sprats  and  young  herring  examined  represented  about 
one  thousandth  part  of  the  entire  season's  catch.  The  catch  was  carefully 
inspected  on  every  day  when  fish  were  landed  throughout  the  season,  but 
on  some  days  no  Urge  samples  were  counted,  a  rough  estimate  only 
being  made  of  the  proportion  of  sprats  and  herrings  which  made  up  the 
catch.  By  these  two  methods  the  following  Table  has  been  drawn  up, 
showing  the  approximate  composition  of  the  catch  throughout  the  season. 
An  asterisk  denotes  the  days  when  the  estimate  was  only  a  superficial  one. 

h 
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OOTOBEB. 


Date. 

No.  of  Cranf. 

Estimated 

No.  of  Young 

Herring. 

Estimated 
No.  of  Sprats. 

Estimated 

Total  No.  of 

Fish. 

1904. 
October  20 

„        24        .         . 

„        27*     . 

„        28       .        . 

M        31        .         . 

1? 
4 

4 
4J 

2,520 
39,168 
12,960 

3,456 
33,048 

47,880 
76,032 
30,240 
•  111,744 
89,352 

50,400 
11.^200 

43,200 
11.5,200 
122,400 

15^ 

91,152              355,248 

446,400 

November. 


Date. 

No.  of  Crans. 

Estimated 

Nu.  of  Young 

Herring. 

Estimated 
No.  of  Sprats. 

Estimated 

Total  No.  of 

Fish. 

1904. 

Novemljer  1 

15 

30,240 

401,760 

432,000 

2    .        . 

34i 

59,616 

933,984 

993,600 

3    .        . 

i 

288 

3.312 

3,600 

4    . 

2 

19,584 

38,016 

57,600 

5*  .        . 

4 

34,560 

80,640 

116,200 

7    .        . 

6 

58,215 

174,645 

232.860 

10    . 

9 

49,248 

4,876,552 

4,924,800 

11*  .        . 

3 

17,280 

69,120 

86,400 

12*  . 

3 

17.280 

69,120 

86,400 

14    .        . 

23 

331,200 

331,200 

662,400 

15*  . 

31^ 

272,160 

635,040 

907,200 

„         16    .        . 

58 

668,160 

1,002,240 

1,670,400 

17*  . 

30^ 

404,064 

1,474,836 

1,878,400 

!             ,         IS*  . 

i 

3,240 

7,560 

10,800 

19*  . 

li 

12,960 

80,240 

43,200 

21    . 

23i 

257,184 

419,616 

676,800 

22*  . 

49 

987,840 

423,860 

1,411,200 

„        28    .        . 

16i 

456,192 

19,108 

475.300 

M         24    .        . 

784 

1,768,424 

497,876 

2,260,800 

26*  .        . 

24J 

658,720 

139,680 

698,400 

26*  . 

174 

403,200 

100,800 

504,000 

„        28    .        . 

82i 

664,560 

271,440 

986,000 

29*  . 

llj 

236,880 

101,620 

888,400 

„        30    .        . 

1 

lOi 

275,644 

34,056 

309,600 

4852 

7,581,639 

12,133,721 

19,715,860 
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Decbmber. 

1 

t 
I 

Date.                 ' 

1 

No.  of  Craiw. 

EBtimated 

No.  of  Young 

Herring. 

Estimated 
No.  of  Sprats. 

Estimated 

Total  No.  of 

Fisb. 

1904. 

December   1*  . 

3 

69,120 

17,280 

86,400 

„          5    .        . 

1| 

20,160 

30,240 

50,400 

7    .        . 

66^ 

896,760 

1,011,240 

1,908,000 

)»          8    .        . 

68i 

982,800 

982,800 

1,965,600 

9    .        . 

n 

191,520 

82,080 

278,600 

n             10*    .            . 

H 

90,720 

38,880 

129,600 

M         12    .        . 

2^ 

534,672 

142,128 

676,800 

„         H    .        . 

9 

150,336 

108,864 

259,200 

„         16*  .        . 

2i 

45,360 

19,440 

64,800 

M         16    .        . 

i 

6,696 

504 

7,200 

.,        19    .        . 

5 

100,800 

43,200 

144,000 

20*  .        . 

5Q{ 

876,960 

584,640 

1,461,600 

„        21*  .        . 

35i 

61S,440 

408,960 

1,022,400 

„        22    .        . 

71 

1 

116,928 

91,872 

208,800 

23*  . 

35 

504,000 

504,000 

1,008,000 

26*  . 

24* 

211.680 

493,920 

705,600 

„        27    .        . 

17 

141,984 

347,616 

489,600 

28*  .       T 

27 

238,280 

544,320 

777,600 

29*  .        . 

18 

1 

112,820 

262,080 

374,400 

31*  .        . 

1            6 

43,200 

100,800 

144,000 

1     *m 

1 

5,942,736 

5,814,864 

11,757,600 

100 
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January. 


Date. 

No.  of  Crans. 

Ertimated 

No.  of  Young 

HMTing. 

Estimate 
No.  of  Spratii. 

Estimated 

Total  No.  of 

Fish. 

1906. 

January  4* 

81 

161,200 

100,800 

262,000 

.,       5        .        . 

19 

877,668 

169,682 

647,200 

M       6* 

9 

166,620 

108,680 

259,200 

,.       9 

1 

4* 

78,336 

44,064 

122,400 

n      10 

19 

383,040 

164,160 

647,200 

.,     13 

97i 

2,212,682 

588,168 

2,800,800 

„     14^ 

22 

606,880 

126,720 

688,600 

„     1(1 

4J 

117,936 

11,664 

129,600 

1 

\          M     17* 

U 

84,660 

8,640 

43,200 

,.     18 

42i 

861,840 

369,860 

1,281,200 

„     19* 

64 

1 

1,474,660 

868,640 

1,843,200 

„     20 

66i 

1,602,720 

805,280 

1,908,000 

1           M     21* 

40 

967,680 

184,820 

1,162,000 

„     28 

21} 

682,440 

93,960 

626,400 

-     24* 

2i 

.57,600 

14,400 

72,000 

1            „     26 

4 

87,662 

27,648 

115,200 

.,     26* 

1 

!               *^ 

46,080 

11,620 

57,600 

.,     27 

i 

6,048 

1,162 

7,200 

428} 

9,664,192 

2,693,808 

12,348,000 

J^K 

BBUABY. 

Date. 

No.  of  Cmnfi. 

Estimated 

No.  of  Young 

Herring. 

1 
1 

Estimated     1 

No.  of  Spraii.  | 

1 
1 

Estimated 

Total  No.  of 

Fish. 

1906. 

! 

February  1 

i 

5,472 

1,728 

1 

7,200 

,.        8*     . 

i 

10,080 

4,320 

14,400 

M         7        . 

1 

14,976 

13,824 

28,800 

„        8*     . 

8i 

61,480 

42,120 

93,600 

M            9          . 

21 

49,896 

29,804        i 

79,200 

„      13*     . 

i 

6,480 

4,820 

10,800     ^ 

n       H       . 

i. 

8,024 

4,176 

7,200 

„      20*     . 

i 

3,600 

3,600 

7,200 

M      28      . 

2 

17,064 

4,636 

21,600 

.,      24      . 

i 

6,112 

2,088 

7,200 

H 

167,184 

110,016 

277.200 

of  the  Fisheinf  Board  for  Scotland. 


161 


1904-1905. 


Months. 

EHtimated 
No.  of 
Crans. 

Estimated 

No.  of  Young 

Herring. 

Estimated  j   Estimated 
No.  of      I  Total  No.  of 
Sprats.      1        Fish. 

Estimated 

Percentage 

of  Young 

Herring. 

October, 
November,  . 
December,  . 
.  January, 
February,    . 

15i 
485f 
408i 
4282 

n 

91,152 

7,581,639 

5,942,786 

9,654,192 

167,184 

355,248 

12,133,721 

5,814,864 

2,698,808 

110,016 

446,400 
19,715,860 
11,757,600 
12,348,000 

277,200 

20*4 
38-5 
50-5 
78-2 
CO-3 

l,847g 

23,436,903 

21,107,657      44,544,560 

50-4 

It  will  be  obeerved  that  tho  percentage  of  herring  gradually  and 
steadily  increased  from  the  commencement  of  the  season  until  Januar}% 
and  was  still  at  a  high  level  when  the  fishing  closed. 

Tay  Sprat  Fishing  Investigations— 1904-1 905, 
Causes  of  Failure  of  the  Fishing, 

This  season's  sprat  fishing  has  been  one  of  the  poorest  for  many  years, 
^reat  distress  prevailing  amongst  the  fishermen  during  the  first  half  of 
the  season,  or  from  October  till  the  end  of  December. 

During  that  time  both  fishermen  and  buyers  were  losing  money,  and, 
at  most,  the  fishermen  were  only  able  to  pay  for  the  wear  and  tear  of 
gear,  dock  dues,  and  victualling. 

The  principal  causes  of  complaint  were : — 

(1)  The  scarcity  and  poor  quality  of  the  fish. 

(2)  The  low  prices  obtained  for  the  fish. 

(3)  The  alleged  excessive  railway  rates. 

The  mild  open  winter,  want  of  south-easterly  gales,  and  almost  total 
absence  of  spates  may  have  something  to  do  with  the  scarcity  of  fish  in 
the  river,  but,  so  far,  I  have  not  been  able  to  prove  that  such  causes  have 
any  influence  upon  the  movements  of  the  fish. 

As  the  bag-net  captures  all  sizes  and  every  kind  of  fish  that  enters  the 
river,  it  follows  that  the  very  large  numbers  of  young  sprats  and  young 
herring,  together  with  the  usually  considerable  numbers  of  young  cod, 
whiting,  Agoni,  shrimps,  &c.,  all  go  to  make  up  the  so-called  rubbishy 
stufi*  sent  from  Dundee  to  the  English  markets. 

This  mixture  of  fish  has  no  chance  beside  the  prime  sprats  sent  from 
Inverness,  where  the  fishing  is  carried  on  by  means  of  drift-nets. 

The  railway  companies  charge  from  6s.  to  lOs.  per  barrel  for  fish  sent 
to  the  English  markets.  This  rate  is  doubtless  a  severe  handicap  on  the 
trade  considering  the  small  value  of  the  produce,  though  it  can  scarcely 
be  deemed  high  considering  the  bulk  of  the  goods  and  the  distance  from 
Dundee  to  the  great  English  towns 

General  Aeeouni  of  the  Fishing. 

By  common  agreement  among  the  fishermen,  the  Tay  sprat  fishing 
begins  on  the  25th  of  September  and  ends  on  the  25th  of  February. 
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This  year's  regular  fishing,  however,  did  not  begin  until  the  20th  of 
October,  owing  to  the  scarcity  and  poor  quality  of  the  fish. 

The  fishing  boats  are  small  yawls  or  smacks,  from  38  to  48  feet  along 
the  keel,  and  manned  by  two,  three,  or  four  of  a  crew,  the  usual  number, 
however,  being  two  during  poor  seasons  and  three  or  four  when  fish  are 
very  plentiful.  Each  boat  is  valued  at  somewhere  about  £70,  the  net 
alone  costing  £12. 

Some  29  boats  are  registered  at  the  ports  of  Dundee  and  Perth,  but  the 
majority  of  these  belong  to  Newburgh,  St.  Andrews,  Easthaven,  Car- 
noustie, Tayport,  and  Broughty-Ferry. 

The  boats  go  out  either  in  the  morning  or  afternoon,  according  to  the 
abundance  of  fish  or  state  of  the  tide,  and  fishing  is  continued  throughout 
the  night. 

The  fish  are  brought  into  the  Dundee  tidal-basin  in  the  moroing  and 
are  usually  sold  by  auction,  the  auctioneer  getting  3j|  to  4  per  cent,  of 
the  gross  return. 

The  fish  are  caught  by  means  of  a  huge  conical  bag-net,  which 
measures  from  40  to  52  yards  in  length,  with  a  mouth  of  from  21  to  24 
feet  square.  I  measured  one  as  it  lay  stretched  out  on  the  quay  and 
found  it  to  be  some  42  yards  in  length,  with  a  mouth  23  feet  square. 

The  mouth  of  the  net  is  attached  to  two  booms,  an  upper  boom,  23  feet 
in  length,  which  floats  on  the  surface  of  the  water,  and  a  lower  boom  of 
the  same  length,  weighted  with  iron,  which  sinks  to  various  depths 
according  to  the  strength  of  the  tide. 

The  net  consists  of  four  parts,  each  part  with  a  size  of  mesh  smaller 
than  the  preceding  part. 

The  first  part  attached  to  the  two  booms  was  13  yards  long,  with  a 
mesh  of  1^  of  an  inch  from  knot  to  knot,  or,  according  to  the  fishermen, 
of  36  rows  of  meshes  to  the  yard. 

The  second  part  is  kuown  as  the  *^  enter " ;  it  measured  10  yards  in 
length  and  had  a  mesh  of  ^  of  an  inch  from  knot  to  knot,  or,  according 
to  my  informant,  of  52  rows  of  meshes  to  the  yard. 

The  third  part  of  the  net  is  known  as  the  sleeve ;  it  was  3  yards  in 
length,  with  a  mesh  of  ^  of  an  inch,  or  64  rows  of  meshes  to  the  yard. 

The  fourth  part  of  the  net  is  known  as  the  sprat-end ;  it  measured  19 
yards  in  length  and  had  a  mesh  of  ^  of  an  inch  from  knot  to  knot,  or, 
according  to  the  fishermen,  it  contained  110  rows  of  meshes  to  the  yard  ; 
the  last  three  yards  of  the  sprat-end  were  used  as  a  tail  end  for  hauling 
the  net  ou  board. 

The  Tay  sparling  fishing  begins  and  ends  at  the  same  time  as  the  sprat 
fishing,  and  is  engaged  in  by  the  same  men,  who  use  the  same  boats  and 
bag-nets  but  attach  a  small  meshed  herring-end  or  tail  to  the  nets  in 
place  of  the  usual  sprat  end. 

The  sparling  fishing  is  usually  carried  on  when  sprats  and  herring  are 
not  very  plentiful  in  the  river,  and  is  usually  confined  to  the  upper  parts 
of  the  estuary  or  from  four  to  twelve  miles  above  or  west  of  the  Tay 
Bridge. 

The  majority  of  the  sprat  and  sparling  boats  are  too  old  and  rickety 
for  any  other  kind  of  fishing  except  river-fishing.  Their  deck  construc- 
tion, accommodation,  and  gear  are  quite  unsuited  for  winter  herring 
fishing  outside  the  river.  A  good  many  winter  herring,  however,  are 
caught  in  the  river  along  with  the  sprats  and  young  herring  during  the 
months  of  January  and  February. 

The  sprat  and  sparling  fishermen  take  part  in  various  occupations 
during  the  summer  time.  Some  of  the  men  take  part  in  the  Tay 
salmon  fishing ;  a  few  work  on  board  the  river  passenger  steamers,  sand 
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boats,  &c. ;    a   few  are  tradesmen  (masoDs,   &c.) ;    while  the  rest  are 
general  labourers. 

Tay  SprcU-Fwhiiig  Grounds, 

The  Tay  sprat-fishing  grounds  are  included  in  that  part  of  the  estuary 
extending  from  luvergowrie  and  Balmerino,  some  3  miles  above  or 
west  of  the  Tay  Bridge,  down  to,  or  a  little  beyond,  Tay  port  and 
Broughty-Ferry,  between  4  or  5  miles  east  of  the  Tay  Bridge. 

From  Broughty-Ferry,  the  estuary  increases  uniformly  in  width  as  far 
as  3  miles  above  the  Tay  Bridge,  where  it  is  2|  nautical  miles  wide. 

At  Dundee  it  is  1|  nautical  mile  in  width,  and  at  Broughty-Ferry, 
some  4  j  miles  below  the  Tay  Bridge,  the  estuary  is  only  |  mile  across. 

Many  sandbanks  extend  over  this  particular  part  of  the  estuar}', 
which  are  dry  4  to  7  feet  at  low  water,  the  width  of  the  navigable 
channel  being  about  |  mile. 

Sandbanks  also  exist  in  the  main  channel  itself,  composed  of  cleaner 
and  coarser  sand  than  most  of  the  surrounding  s-indbanks.  Contrary  to 
expectation,  the  sandbanks  of  the  Tay  are  found  to  vary  very  little  in 
form  from  one  year's  end  to  another.  Extensive  Hats  and  sandbanks  are 
present  on  either  side  of  the  main  channel  above  or  west  of  the  Tay 
Bridge. 

Abreast  of  Invergowrie  and  Ninewells,  the  main  channel  is  marked  off 
by  two  red  and  two  black  buoys,  and  forms  here  a  very  important  sprat 
and  herring  fishing  ground. 

About  opposite  the  west  end  of  Dundee  an  important  sandbank  exists, 
some  1 50  yards  in  width  at  low  water.  The  deep  channel  on  the  south 
side  of  it  formed  the  principal  ground  for  this  and  last  year's  sprat  and 
herring  fishing.  This  particular  sandbank  is  known  as  the  Middle  Bank, 
and  ite  narrow  east  end  is  marked  ofifby  the  Chequer  buoy. 

A  somewhat  variable  and  extensive  shoal  projects  from  the  southern 
shore  of  the  estuary,  about  half-way  between  Newport  and  Tayport ;  it 
is  called  the  Newcome  Spit,  and  consists  of  a  mass  of  clean  sand  and 
shells  six  times  as  coarse  as  the  Middle  Bank.  The  neighbourhood  of 
the  Newcome  Spit  is  also  a  favourite  sprat  and  herring  fishing  ground. 

At  Broughty-Ferry  there  are  no  sandbanks,  and  the  river  here  is  fully 
10  fathoms  deep  at  low  water. 

Seaward  of  Broughty-Ferry  the  estuary  widens  rapidly,  and  the 
bottom  consists  largely  of  coarse  sand  full  of  rounded  water-worn  stones. 

At  Monifieth  Bay  this  material  is  said  to  form  a  suitable  spawning 
ground  for  winter  herring. 

Tides. 

Spring  tides  flow  up  the  river  Tay  as  far  as  two  miles  above  the  city 
of  Perth,  and  sprats  and  herring  are  got  by  the  sparling  fishermen  as  far 
up  as  Newburgh,  but  only  in  very  small  quantities. 

Low  water  of  ordinary  spring  tides  at  Dundee  Harbour  is  7*5  feet 
below  ordnance  datum,  and  high  water  of  ordinary  spring  tides  is 
16^  feet  above  that  level.  The  extreme  range  of  high  water  at  Dundee 
varies  between  19  feet  6  inches  and  3  feet  7  inches,  and  extreme  low 
tides  sometimes  fall  1  foot  5  inches  below  low  water  of  ordinary  spring 
tides. 

The  tides  have  an  important  bearing  upon  the  quantity  of  fish  caught 
in  the  river,  and  also  restrict  the  fishing  to  those  parte  of  the  river 
where  the  currente  are  strong  enough  to  open  the  bag-nete. 

During  the  flood  of  neap  tides  the  currente  are  too  weak  to  open  the 
nets,  and  fishing  can  only  teke  place  then  during  ebb-tide,  while  during 
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the  height  of  spring  tides  the  currents  in  the  neighbourhood  of  Craighead 
and  Newcome  Spit  are  too  strong,  and  occasionally  damage  or  carry  the 
nets  away  altogether. 

Fishing  is  also  entirely  stopped  for  a  short  time,  extending  from  half- 
an-hour  to  three-qaarters  of  an  hour,  during  the  slack  water  between 
tides. 

Many  of  the  fishermen  are  of  opinion  that  most  of  the  fish  enter  the 
river  during  spring  tides  and  make  their  way  to  the  sea  again  as  the 
tides  slacken ;  this,  however,  was  not  borne  out  by  the  daily  returns  of 
the  fishing  during  the  past  season. 

The  main  mass  of  the  flood  tidal  current,  after  sweeping  through 
between  Broughty-Ferry  and  Tayport,  flows  in  the  direction  of  West- 
Ferry  Bay  and  the  Stannergate,  tiien  south-west  between  the  Chequer 
Buoy  and  the  Newcome  Spit.  It  next  flows  west  between  the  Middle 
Bank  and  the  Fife  shore,  then  north  again  in  the  vicinity  of  the  Tay 
Bridge  to  Ninewells  and  Invergowrie  Bay.  The  returning  ebb  tide  flow- 
ing in  the  opposite  direction  passes  over  much  the  same  course. 

All  the  important  sprat  and  herring  fishing-grounds  lie  in  the  above 
course,  and  the  fish  when  not  very  plentiful  in  the  estuary  appear  to 
always  follow  more  or  less  these  main  tidal  currents  on  their  way  from 
and  to  the  sea.  When  the  fish  are  very  plentiful,  on  the  other  hand, 
they  are  caught  in  all  parts  of  the  estuary. 

The  presence  of  the  flood  tide  is  perceived  on  the  north  side  of  the 
estuary  in  several  ways.  First,  the  saltuess  of  the  water  at  spring  tides 
upon  the  north  shore  is  between  10  and  25  per  cent,  greater  than  that 
upon  the  south  shore  till  the  ebb  tide  has  fairly  commenced.  Secondly, 
the  current  of  the  flood  tide  is  so  strong  in  the  vicinity  of  Dundee  as  to 
give  an  inclination  to  the  surface  of  the  water,  so  that  at  half  flood  the 
level  is  2  to  3  inches  higher  than  it  is  on  the  opposite  side  of  the 
eetuary. 

The  deeper  parts  of  both  tidal  currents  are  much  Salter  and,  during 
the  cold  months,  warmer,  than  the  surface  waters ;  but  there  is  generally 
a  greater  diflference  in  salinity  and  temperature  between  the  surface  and 
bottom  layers  of  water  upon  the  flood  than  upon  the  ebb,  these  layers 
tending  to  intermix  somewhat  less  upon  the  flood-tide  than  upon  the  ebb. 

At  the  Abertay  Lightship  stationed  at  the  mouth  of  the  Tay,  the  salt- 
ness  of  the  surface  water,  near  low  water  and  during  heavy  land  floods, 
is  sometimes  as  low  as  two-fifths  of  that  of  sea-water. 

The  normal  ratio,  however,  of  sea-water  to  land-water  in  the  estuary 
is  such  that  at  the  middle  of  its  length — at  Dundee — there  is  just  sis 
much  fresh  water  as  salt,  and  at  the  Pile  Lighthouse,  ^  of  a  mile  below 
Tayport,  the  quantities  of  sea-water  and  land-water  are,  on  the  average, 
as  2  to  L  The  ratio  of  the  land- water  to  sea- water  at  Dundee  usually 
fluctuates  between  one-fifth  and  four-fifths. 

So  far  as  I  can  make  out  meanwhile,  the  movements  of  the  sprats  and 
herring  in  the  river  are  not  influenced  to  any  marked  extent  by  variations 
in  temperature,  although  both  kinds  of  fish  appear  not  to  wander  very  far 
from  the  slightly  warmer  water  of  the  main  flood  tidal  currents. 

Some  Notes  on  the  NtUural  HUtory  of  the  Sprai  and  Wintm*  Herring, 

Sprats  and  winter  herring  frequent  bays,  inshore  waters,  and  estuaries. 
They  usually  ascend  the  estuaries  of  rivers  in  large  numbers  during  the 
months  of  October,  November,  December,  January,  and  February.  The 
main  shoals  appear  to  remain  in  the  Tay  estuary  for  short  periods, 
extending  from  two  to  five  or  more  days  at  a  time,  and  then  gradually 
make  their  way  to  the  sea  again. 
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Sprats  and  immature  herring  are  amongst  the  most  timid  and  restless 
of  all  fishes.  They  swim  usually  in  separate  shoals,  but  in  the  estuary  of 
the  Tay,  where  the  main  channel  is  so  shallow  and  narrow,  they  very 
often  mix  and  swim  together. 

Hardly  any  two  fish  in  the  sea  have  so  many  and  varied  enemies  as 
the  sprat  and  herring.  This  incessant  |)ersecution  by  numerous  enemies, 
and  consequent  restlessness,  may  possibly  partially  account  for  the  pre- 
sence of  both  fish  in  such  large  numbers  in  the  estuaries  of  rivers. 

The  fishermen,  in  trying  to  explain  the  presence  of  the  fish  in  such 
large  numbers  in  the  Tay  estuary,  believe  that  the  sprat  and  herring 
have  a  liking  for  brackish  waters,  and  some  scientista  are  under  the 
impression  that  the  fish  seek  the  colder  waters. 

Several]  considerations,  however,  seem  to  be  against  such  ideas.  Both 
fish,  while  in  the  estuary,  appear  to  remain  in  the  main  tidal  currents, 
where  the  water  is  somewhat  warmer  than  the  surrounding  waters. 
Experiments  also  show  that  in  very  cold  watere  fishes  give  up  feeding 
altogether,  probably  because  the  ferments  upon  which  digestion  depends 
do  not  act,  or  at  anyrate  very  slowly. 

The  fishermen  also  believe  that  the  fish  ascend  the  estuary  to  feed  on 
the  small  orp^nisms  in  the  water,  but  this  is  also  more  or  less  erroneous. 
The  majority  of  the  herrings'  stomachs  examined  were  found  to  be  empty ; 
only  a  few  contained  a  very  small  quantity  of  Crustacea,  while  the  sprats' 
stomachs  were  invariably  found  to  be  quite  empty.  Moreover,  in  the 
river  at  this  season,  the  fish  would  get  little  or  no  food  material  to 
swallow,  as  careful  examination  of  samples  of  water  have  shown. 

Fishermen  are  also  of  opinion  that  the  state  of  the  tides  is  related  to 
the  quantity  of  fish  in  the  river,  that  during  spring  tides  the  fish  are 
more  plentiful  than  during  neap  tides ;  but  after  carefully  comparing  the 
daily  catches  with  the  state  of  the  tide,  I  am  unable  to  show  a  close  con- 
nection. Certainly  on  several  occasions  the  best  fishing  was  at  or  near 
the  spring  tides,  e,g,^  November  23,  December  7  and  22,  and  January 
17-21 ;  but  there  was  fairly  good  fishing  during  neap  tides  about  Novem- 
ber 1  and  15,  December  27,  and  very  good  about  January  12. 

They,  again,  believe  that  rough  weather,  especially  strong  south-easterly 
gales,  drive  the  fish  into  the  river,  but  this  also  I  am  unable  to  prove. 

During  the  great  scarcity  of  fish  in  the  month  of  November,  I 
questioned  many  of  the  fishermen  as  to  the  state  of  the  water  in  the 
river.  On<5  and  all  believed  that  they  had  never  seen  such  a  lot 
of  fire  (phosphorescence)  in  the  river  as  during  that  time.  This 
phosphorescence,  along  with  the  clearness  of  the  water,  enabled 
the  fish  to  see  the  nets  and  thus  avoid  them.  This  I  believe  to  be 
partially  true,  for  if  the  fish  swim  in  small,  narrow,  separate  shoals,  as  they 
appear  to  do  when  not  very  plentiful  in  the  river,  then  they  might 
conceivably  take  fright  at  the  glowing  anchor  and  the  chain,  d:c.,  and 
thus  at  the  same  time  swim  clear  of  the  open  mouth  of  the  bag-iiet. 
Against  this  idea,  however,  is  the  fact  that  very  seldom  were  the  nets 
brought  up  absolutely  empty,  while  nearly  every  boat  managed  to 
capture  from  j  to  3  crans  of  fiish.  During  the  daytime,  however,  it  is  a 
fact  that  little  or  no  fish  are  caught  if  the  water  is  very  clear  and  the  fish 
not  very  plentiful  in  the  river.  The  fish  avoid  the  light  and  swim  at  a 
much  lower  level,  and  thus  avoid  the  open  mouth  of  the  bag-net. 
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IX.  -GENERAL  INDEX  TO  THE  SCIENTIFIC  REPORTS  OF 
THE  FISHERY  BOARD  FOR  SCOTLAND,  1883-1904, 
WITH  A  LIST  OF  THE  PAPERS  CONTAINED  IN  THEM. 
Prepared  by  Dr.  Thomas  Wbmyss  Fultox,  F.R  S.E.,  Superin- 
tendent of  Scientific  Investigations. 
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For  some  yeai*8  it  has  been  felt  oh  a  want,  both  by  the  staflf  of  the 
Board  and  by  those  engaged  elsewhere  in  fishery  investigations  and 
research,  that  there  existed  no  general  index  to  the  numei-ous  scientific 
papers  contained  in  the  Annual  Repoi*ts  of  the  Fishery  Board.  These 
reports  now  number  over  a  score,  extending  back  to  the  year  1882,  and 
they  necessarily  contain  a  large  amount  of  matter  dealing  with  marine 
biology  and  physics,  and  relating  to  fisheries  and  fisheiy  problems.  I 
have  endeavoured  to  supply  the  want  referred  to  by  the  compilation  of 
the  index  and  list  of  scientific  papers  planted  in  the  following  pages. 

In  the  index  the  numbers  referring  to  the  various  reports  are 
enclosed  within  brackets ;  from  the  sixth  report  onward,  that  namely 
for  1887,  the  reference  is  to  Part  III.  of  the  Annual  Report,  the 
reports  since  the  yeai*  named  being  divided  into  three  parts,  the  third  of 
which  is  that  devoted  to  scientific  investigations.  In  the  list  of  papers 
the  figures  in  bi*ackets  refer  to  the  year  of  publication. 

LisT.oF  Papers. 

Barrett,  Dr.  W.  H. 

Note  on  the  Liver  of  a  Haddock  in  which  a  Sand-eel  was  partly 
Embedded.     8,  p.  70,  Pis.  III.-V.  (1885). 

Beard,  Dr.  J. 

On  the  Development  of  the  Common  Skate  (Raja  haiia),    8,  p.  300, 
Pis.  IX.-XI.  (1890). 

Brady,  Professor  Ot.  S. 

1.  Notes  on  Entomostraca.     5,  p.  328,  PI.  XIX.  (1887), 

2.  Description  of  a  new  series  of  Cyclops.     6,  p.  232  (1888). 

Brook,  George. 

1  and  2.  On  the  Development  of  the  Herring.     8,  p.  32,  PI.   I. 
(1885);  4,  p.  31.  Pis.  I.,  II.  (1886). 

3.  Note  on  some  of  the  specimens  sent  in  by  the  Officers  of  the 

Board.     8,  p.  67  (1885). 

4.  Repoili  on  the  Herring  Fishery  of  Loch  Fyne  and  the  adjacent 

districts  during  1885.     4,  p.  47  (1886). 

5.  Report  on  the  Food  of  the  Haddock.     4,  p.  128  (1886). 

6.  Report  on  the  Food  of  the  Cod.     4,  p.  134  (1886). 

7.  Ichthyological  Notes.     4,  p.  322,  PI.  IX.  (1886). 

8.  The  Spawning-period  of  the  British  Food-fishes.      4,  p.  242 

(1886). 

9.  Notes  on  the  Food  of  Young  Gadidae.     5,  p.  326  (1887). 
10    Notes  on  the  Spawning  of  the  Pike.     5,  p.  347  (1887). 
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Brook>  George,  and  W.  L.  Calderwood. 

Report  on  the  Food  of  the  Herring.    4,  p.  102  (1886). 

Brook,  George,  and  Dr.  Thomas  Soott. 

List  of  the  Marine  Fauna  collecte<i  at  the  Tarbert  Laboratoiy 
dui-ing  1885.     4,  p.  231  (1886). 

Calderwood,  W.  L. 

1.  Notes  on  the  Copepods  of  Loch  Fyne.    4,  p.  147  (1886). 

2.  Notes*  on  the  Greenland  Shark  {Ltmnurffua  microcephalus).     4, 

p.  228,  PI.  X.  (1886). 

3.  Notes  on  an  Intra-uterine  specimen  of  the  Porbeagle  (Zrawi«a 

coniti^ica),     6,  p,  263  (1888). 

Clarkson,  Dr.  B.  D. 

On  the  Nutritive  Value  and  Relative  Digestibility  of  Fresh  Fish. 
5,  p.  221  (1887). 

Cleve,  Professor  P.  T. 

Report  on  the  Phyto-pknkton  collected  on  the  Expedition  of 
H.M.S.  "  Reseai-ch,"  1896.     15,  p.  297,  PI.  VIIT. 

Cunningham,  J.  T. 

Zones  of    Growth    iii    the    Skeletiil   Structui-es  of  Gadidae  and 
Pleuronectidce.    28,  p.  125  (1905). 

Daniel,  Dr.  Alfred. 

Abstract  of  a  Repoiii  on  the  Fishery  Statistics  of  Scotland.  7, 
p.  178  (1889). 

Dannevig,  Harold  C. 

1  to  5.  Reports  on  the  Hatching  Operations  at  Dunbar  Marine 
Hatchery  during  the  Spring  Season,  1894,  12,  p.  210 
(1894);  1895,  18,  p.  123  (1895);  1896,  14,  p.  150  (1896); 
1898,  17,  p.  205,  PI.  VIII.  (1899);  1899,  18,  p.  330 
(1900). 

6.  The   Influence  of   Temperature  on   the   Development  of    the 

Eggs  of  Fishes.     18,  p.  147,  PI.  I.  (1895). 

7.  On  the  Reaiing  of  the  Larval  and   PoHt-larval   Stages  of  the 

Plaice  and  other  Flat-fishes.     15,  p.  175,  PI.  IV.  (1897). 

8.  Report  on  the  Operations  at   Dunbar  Marine   Hatchery  for 

the  penod  July  1896  to  December  1897,  with  some  Notes 
on  Rearing  Experiments  with  Flat-fishes.    16,  p.  21 9  (1898). 

9.  On  the  Rate  of  Growth  of  Plaice.     17,  p.  232,  PI.  IX.  (1899). 
10  and    11.  Reports    on    the    Hatching    Work    at    the    Marine 

Hatchery,   Bay  of   Nigg,   Aberdeen,   during    the  Spring 
Season,  1900,  19,  p.  229  (1900) ;  1901, 20,  p.  440  (1902). 

Day,  Dr.  Francis. 

Note  on  a  new  Blenny  (Lumpeiius  lampetr&formxa),  2,  p.  78, 
PI.  X.  (1884), 

Diokson,  Dr.  H.  N. 

1.  Report  on  Physical  Investigations  carried  out  on  board 
H.M.S.  "Jackal,"  1893-94.  12,  p.  336,  Pis.  X7I.-XIX. 
(1894). 
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2.  Report  on  Physical  Investigations  carried  out  on  board 
H.M.S.  "Reseai-ch"  during  August  1896.  15,  p.  280 
(1897). 

Duthie,  Robert. 

The  Fisheries  of  Shetland.     10,  p.  202  (1892). 

Bdington,  Dr.  Alexander. 

1.  An  Investigation  into  the  Natui*e  of  the  Organisms  present  in 

''  Red  ^'  Cod,  and  as  to  the  cause  of  the  Red  Coloration. 

6,  p.  207,  Pis,  VI.,  VII.  (1888). 

2.  On   the  Saprolegnia  of  Salmon   Disease  and   Allied    Formis. 

7,  p.  368,  PI.  IX.  (1889). 

Bwart,  Professor  J.  Cossar 

1 .  Natural  History  of  the  Herring.     2,  p.  61,  Pis.  I  V.-IX.  (1884). 

2.  Note  on  some  of  the  specimens  forwarded  by  the  Otficers  of  the 

Boaixl.     2,  p.  79,  Pis.  Xl.-XIII.  (1884). 

3.  Observations  on  the  Spawning  of  Cod.     8,  p.  52  (1885). 

4.  Report  on  the  Pi'ogress  of  Fish-culture  in  America.  8,  p.  78  ( 1 885). 
i).   Ai-e  Herring  Ova  likely  to  Develop  Normally  on   the   Deep 

Offshore  Fishing  Banks?     4,  p.  43  (1886). 

6.  On  the  Ai-tificial  Hatching  and  Raring  of  Sea-fish.     5,  p.  230, 

Pis.  VII.-X.  (1887). 

7.  Notes  on  the  Nature  of  "  Red  "  C04I.     6,  p.  204  (1888). 

Ewart,  Professor  J.  C,  and  Sir  J.  R.  G-.  Maitland,  Bart. 

1.  Report  on  the  Ti-awling  Expeiiments  on  the  East  Coast. 
5,  p.  43,  Pis.  I.-III.  (1887). 

2  and  3.  Reports  on  the  Trawling  Ex})eriments  of  the  *'  Garland," 
and  the  Statistics  of  the  East  Coast  Fisheries.  6,  p.  25, 
Pis.  I.-V.  (1888);  7,  p.  15,  Pis.  I.,  II.  (1889). 

Ewart,  Professor  J.  C,  and  J.  Duncan  Mathews. 

On  the  Nature  of  Thames  and  Forth  Whitebait.     4,  p.  98  (1886). 

Ewart,  Professor  J.  C,  and  Dr.  T.  Wemyss  Fulton. 

1 .  The  Scottish  Lobster  Fishery.     6,  p.  189  (1888). 

2.  Repoi*t  on  the  Spawning  of  the  British   Marine  Food-fiahes. 

7,  p.  186  (1889). 

Fletcher,  John. 

On  the  Tay  Sprat  Fishery,  1904-1905.     28,  p.  156  (1906). 

Fryer,  C.  E. 

The  Prepai-ation  of  Sprats  and  other  Fish  as  Sardines.     5,  p.  218 
(1887). 

Fullarton,  Dr.  J.  H. 

1.  Solway  Shrimp  and  Flounder  Fishings.     7,  p.  175  (1889). 

2.  On  the  Habits  of  Pscien,  and  on  the  Clam  Beds  of  the  Firth  of 

Forth.    7,  p.  341,  PL  VIII.  (1889). 

3.  Report  on  Bait  Experiments.     7,  p.  352  (1889). 

4.  Tlie  Cockle  Beds  of  Bari-a.     8,  p.  211,  PI.  IV.  (1890). 
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5.  Oyster-culture  in  France  and  Holland.    8,  p.  230  (1890). 

6.  On  the  Development  of  the  Scallop  (P^c^i  op&rcularU,  L.).    8, 

p.  290,  Pis.  V.-VIII.  (1890). 

7.  On  the  Suitability  of  Scottish  Waters  for  Oyster-culture.      0» 

p.  184  (1891). 

8.  On  Bouch6t  Mussel-culture  and  the  Bouch6t  Experiments  at 

St.  Andrews.     9,  p.  212  (1891). 
9  and  10.  On  the  Development  of  the  Plaice.     0,  p.  311,  Pis. 
VII.-IX.  (1891) ;  11,  p.  274,  Pis.  XIII.-XVI.  (1893). 

11.  The  Clyde  Mussel  Beds.     10,  p.  194,  PI.  V.  (1892). 

12.  On   the   Oviposition    and    Growth    of   the    Lesser    Sand-eel 

{Ammodytea  tchinnm,  L.).     12,  p.  313  (1894). 

13.  On  the  History  of  Mussel -culture  at  Monti'ose  dunng  the  past 

Six  Years.  *  18,  p.  137  (1895). 

14.  On  the  Larval  and  Post-larval  Development  of  the  Brain  of 

the  Lesser  Sand-eel.     18,  p.  376,  Pis.  XI.-XIIl.  (1895). 

15.  The  European   Lobster,   Breeding  and    Development.      14, 

p.  186,  PL  VI.-VIII.  (1896). 

Fullarton,  J.  H.,  and  Dr.  Thomas  Soott. 

Mussel-farming  at  Montrose.     7,  p.  327,  PI.  VII.  (1889). 

Fulton,  Dr.  T.  Wemyss. 

1 .  An  Account  of  the  Contempoi-ary  Work  relating  to  Fisheries, 

including  Abstracts  of  the  more  importimt  Papers.  6, 
p.  276  (1888). 

2.  Reports  from  Her  Majesty^s  Diplomatic  and  Consular  Officers 

Abroad  on  the  best  means  of  Increasing  the  Demand  in 
Foreign  Countries  for  Scotch -cured  Hen-ings  and  other 
Fish.     7,  p.  158  (1889). 

3.  Abstract  of   Reports  by  Mr.  Thomas   Scott  on   his  Special 

Investigations  on  board  Steam  Trawlers.     7,  p*  171  (1889). 

4.  Abstmct  of  a  Report  by  Dr.  Alfred  Daniell  on  the  Fisher}^ 

Statistics  of  Scotland.     7»  p.  1 78. 

5.  Inquiries  into  the  Nature  of  the  Food,  the  Spawning,  Habits, 

&c.,  of  Marine  Food-fishes,  7,  p.  182  (1889). 
6  to  18.  Report  on  the  Trawling  Experiments  of  the  *^  Garland," 
and  on  the  Statistics  of  East  Coast  Fisheries.  8,  p.  22,  Pis. 
I.-III.  (1890);  9,  p.  21,  Pis.  I.,  II.  (1891);  10,  p.  23, 
Pis.  I.  and  II.  (1892);  11,  p.  23,  PI.  I.  (1893);  12,  p.  23 
(1894);  18,  p.  17  (1895);  14,  p.  17  (1896);  15,  p.  17 
(1897);  16,  p.  17  (1898);  17,  p.  17  (1899);  18,  p.  19 
(1900);  19,  p.  17  (1901);  20,  p.  17  (1902). 

19.  The  Distribution  of  Immature  Sea-fish,  and  their  Capture  by 

various  Modes  of  Fishing.     8,  p.  157  (1890). 

20.  The  Spawning  and  Spawning  Places  of  Marine  Food-fishes. 

8,  p.  257  (1890^. 

21.  The  Proportional  Numbers  and  Sizes  of  the  Sexes  among  Sea- 

fishes.     8,  p.  348  (1890). 

22.  Notes  and  Memoranda.     8,  p.  351  (1890). 

23.  Notes  on  Contemporaiy  Work  relating  to  Fisheries  in  this  and 

other  Countries.     8,  p.  359  (1890). 

24.  The  Chief  Fishing  Grounds  on  the  East  Coast  of  Scotland,  with 

Charts  showing  their  Position  and  Extent.     9,  p.  177,  Pis. 
III.,  IV.  (1891). 

25.  The  Capture  and  Destruction  of  Immature  Sea-fish.    9)  p.  201 

(1891). 
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26.  The  Comparative  Fecundity  of  Sea-fishes.     0,  p.  243  (1891). 

27  to  31.  An  Account  of  Contemporary  Scientific  Fishery  Work 
and  Fisheries  in  this  and  other  Countries.  0,  p.  388 
(1891);  10,  p.  327  (1892);  11,  p.  486  (1893);  12,  p.  383 
(1894);  18,  p.  332  (1896). 

32.  On  Over-fishing  of  the  Sea  and  the  Culture  of  Sea-fish.     10, 

p.  171,  Pis.  III.,  IV.  (1892). 

33.  Observations    on    the    Reproduction,   Maturity,   and   Sexual 

Relations  of  the  Food-fishes.     10,  p.  232,  PI.  YI.  (1892). 

34.  An  Experimental  Investigation  on  the  Migrations  and  Rate  of 

Growth  of  the  Food-fishes.     11,  p.  176  (1893). 

35.  An  Account  of  the  Sea-fish  Hatchery  at  Dunbar.     12,  p.  196, 

PI.  I.  (1894). 

36.  The  Capture  and   Destruction   of   Immature   Sea-fish.     The 

Relation  between  the  Size  of  the  Mesh  of  Trawl-nets  and 
the  Fish  Captured.     12,  p.  302  (1894). 

37.  The  Capture  and  Destruction  of  Immature  Fish.    The  Relation 

between  the  Size  of  Hooks  and  the  Size  of  Fish  Captured. 
18,  p.  133  a  896). 

38.  The  Relation  of  Marine  Currents  to  OfiEshore  Spawning  Areas 

and  Inshore  Nurseries.     18,  p.  153,  PI.  II.  (1895). 

39.  Review  of  the  Trawling  Experiments  of  the  "  Garland  "  in  the 

Firth  of  Forth  and  St.  Andrews  Bay  in  the  years  1886-1895. 

14,  p.  128,  Pis.  I.,  II.  (1896). 

40.  Tlie  Past  and  Present  Condition  of  the  Oyster  Beds  in  the 

Firth  of  Forth.     14,  p.  244,  Pis.  X.,  XI.  (1896). 

41.  The  Currents  of  the  North  Sea  and  their  Relation  to  Fisheries. 

15,  p.  334,  Pis.  X.,  XI.  (1897). 

42.  On   the  Growth   and   Maturation  of   the   Ovarian   Eggs   of 

Teleostean  Fishes.     16,  p.  88,  PI.  I.  (1898). 

43.  The   Ovaries  and  Ovarian  Eggs  of  the  Angler  or  Frog-fish 

(LophiuB  piseatcrius)  and  of  the  John  Dory  {Zetta  /aber). 

16,  p.  125,  Pis.  II.,  III.  (1898). 

44.  On  the  Migratory  Movements  and  Rat«  of  Growth  of  the  Grey 

or  Common  Gurnard.     17,  p.  210  (1899). 

45.  Report  of  an  Inquiry  on  the  Action  of  the  Herring  Seine-net. 

18,  p.  242  (1900). 

46.  Additional  Note  on  the  Surface  Currents  of  the  North  Sea. 

18,  p.  370  (1900). 

47.  Investigations  made  on  board  Steam  Trawlers.      10,  p.  58 

(1901). 

48.  On  the  Rate  of  Growth  of  the  Cod,  Haddock,  Whiting,  and 

Norway  Pout.     19,  p.  154,  Pis.  IX.-XVI.  (190n. 
49  to  53.  Ichthyological  Notes.      19,  p.  282  (1901);  20,  p.  539 
(1902) ;  21,  p.  228  (1903) ;  22,  p.  281,  PI.  XVIII.  (1904) ; 
28,  p.  250  (1905). 

54.  North  Sea  Investigations.     20,  p.  73,  Pis.  I.-III.  (1902). 

55.  Rate  of  Growth  of  Sea-fishes.     20,  p.  326,  Pis.  XIV.-XXI. 

(1902). 

56.  Investigations  on  the  Abundance,  Distribution,  and  Migration 

of  the  Food-fishes.     21,  p.  15,  Pi.  I.  (1903). 
57  to  59.  Reports  on  the  Operations  at  the  Marine  Hatchery,  Bay 

of  Nigg,  Aberdeen.     21,  p.  180  (1903) ;  22,  p.  262  (1904) ; 

28,  p.  120  (1905). 
60.  The  Distribution,  Growth,  and   Food  of  the  Angler.     21, 

p.  186  (1903). 
61  and  62.  Trawling  Investigations.     22,  p.  13  (1904);  28,  p.  13 

(1905), 
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63.  On  the  Rate  of  Growth  of  Fishes.    22,  p.  141,  Pis.  VI.-XII. 

(1904). 

64.  General  Index  to  the  Scientific  Reports  of  the  Fishery  Board 

for  Scotland,  1883-1904.    28,  p.  166. 

Fulton,  Dr.  T.  Wemyss,  and  Dr.  J.  H.  Fullarton. 

Notes  on  Contemporary  Work  relating  to  Fisheries  in  this  and 
other  Countries.     7,  p.  384  (1889). 

Gibson,  Dr.  John. 

1.  Report  on  the  Physical  Observations  made   for  the   Fishery 

Board  for  Scotland  during  the  Autumn  of  1883  in  the 
Moray  Firth.    4,  p.  189,  Pis.  VI.,  VII.  (1886). 

2.  Repoii;  on  Observations  relating  to  the  Physics  and  Chemistry 

of  the  North  Sea  during  1888  and  1889,  and  including  a 
Review  of  the  Analytical  Work  hitherto  undertaken  for  the 
Fishery  Board  for  Scotland.  7,p  409,  Pis.  X.-XIII.  (1889). 

Gibsoni  Dr.  John,  and  Dr.  H.  B.  Mill. 

1.  Report  on  the  Apparatus  required  for  carrying  on  Physical 

Observations  in  connection  with  the  Fisheries.  6,  p.  309, 
Pis.  IX.,  X.  (1888). 

2.  Report  on  a  Physical  and  Chemical  Examination  of  the  Waters 

in  the  Moray  Firth,  and  the  Firths  of  Inverness,  Cromarty, 
and  Dornoch.     6,  p.  313,  Pis  XI.-XIV.  (1888). 

Ghray,  David. 

Notes  from  Personal  Observations  on  the  Habits  of  the  Greenland 
Whalebone  Whale.    7,  p.  365  (1889). 

Ghreenfleld,  Professor  W.  S.,  and  Dr.  John  Gibson. 

Further  Report  on  the  Examination  of  River  Waters  for  Micro- 
organisms.   5,  p.  331  (1887). 

Greenfield,  Professor  W.  S.,  and  Dr.  G.  Sims  Woodhead. 

Further  Report  on  the  Examination  of  River  Waters  for  Micro- 
organisms.   4,  p.  176  (1886). 

Halliburton^  Dr.  W.  D. 

On  the  Blood  of  Nephrops  iioriotgictis.     4,  p.  171  (1886). 

Heincke,  Professor  Friedrioh. 

The  Natural  History  of  the  Herring.     17*  p.  274  (1899). 

Herbertson,  Dr.  Andrew  J. 

Report  on  the  Physical  Observations  carried  on  by  the  Fishery 
Board  for  Scotland  during  1893.     18,  p.  302  (1895). 

Hoyle,  Dr.  William  B. 

Report  on  the  Biological  Investigations  on  the  Sea  to  the  West  of 
Lewis  during  July  and  August  1887.  6,  p.  215,  PI.  XY. 
(1888). 

Kyle,  Dr.  Harry  M. 

1 .  Report  on  the  Pelagic  Ova,  Larve,  and  Young  Fishes  procured 
by  the  8.8.  ''Garland"  during  the  greater  part  of  1896, 
15,  p.  246  (1897). 
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Kyle,  Dr.  Harry  yL.-<ontinned. 

2.  Note  on  the  ReproductiTe  Organs  of  a  Hermaphrodite  Ling. 

15,  p.  396  (1897). 

3.  On  the  Post-larval  Stages  of  the  Plaice,  Dab,  Flounder,  Long 

Rough  Dab,  and  Lemon  Dab.     16,  p.  225,  Pis.  X.,  XI. 
(1898). 

4.  Contributions  towards  the  Natural  History  of  the  Flaioe.     18| 

p.  189,  Pis.  IX.,  X.  (1900). 

5.  The  CQassification  of  the  Flat-fishes  (HeteiH>8aniata).     18,  p.  335, 

Pis.  XL,  XIL  (1900). 

Lawrence,  George. 

Note  on  a  Tumour  found  attacheii  to  the  Stomach  of  a  Saithe. 
18,  p.  236  (1895). 

M'Intosh,  Professor  W.  C 

1  to  5.  Reports  of  the  St.  Andi*ews  Marine  Laboratory.  2,  p.  47 
(1884);  8,  p.  55,  PI.  II.  (1885);  4,  p.  201,  PI.  VIIL 
(1886) ;  5,  p.  354  (1887) ;  6,  p.  265  (1888). 

6  and  7.  On  the  Pelagic  Fauna  of  the  Bay  of  St.  Andrews  during 
the  months  of  1888.  7,  p.  259,  Pis.  III.-VI.  (1889);  8, 
p.  270  (1890). 

8.  Report  on  the  Pelagic  Ova,  Larval,  and  Young   Food-fishes 

procured  by  the  "  Garland."    8,  p.  270  (1890). 

9.  Further  Observations  on  the  Life-histories  and  Development  of 

the  Food  and  other  Fishes.  0,  p.  317,  Pis.  X.-XIII. 
(1891). 
10  to  15.  Conti-ibutions  to  the  life -histories  and  Development  of 
the  Food  and  other  Fishes.  10,  p.  '273,  Pla  XVI.,  XVII. 
(1892);  11,  p.  239,  Pis.  VIII.-XIL  (1893);  12,  p.  218, 
Pis.  Il.-IV.  (1894);  18.  p.  221,  Pis.  VI.-VIII.  (1895; 
14,  p.  171  (1896) ;  15,  p.  194,  Pis.  V.-VIL  (1897). 

16.  The  Pelagic  Fauna  of  the  Bay  of  St.  Andrews.     11,  p.  284 

(1893). 

17.  Remarks  on  Trawling.     12,  p.  165  (1894). 

Maolagan,  Nellie. 

List  of  Edible  British  Fishes,  with  their  English,  Latin,  French, 
Italian,  and  German  Synonyms.     2,  p.  74  (1884). 

Maitland,  Sir  J.  B.  Q.,  Bart. 

Note  on  the  Intercrossing  of  Members  of  the  Genus  Saimo,  7» 
p.  382  (1889). 

Masterman,  Dr.  Arthur  T. 

1 .  General  Report  on  the  Pelagic  Eggs,  Larval,  and  Young  Fishes 

procured  by  the  "Garland  "  in  1892  and  1893.     11,  p.  250 
(1893). 

2.  On  the  Skeleton  of  the  Tunny.     12,  p.  272,  Pis.  XL,  XII. 

(1894). 

3.  On  the  Rate  of  Growth  of  the  Marine  Food  and  other  Fishes. 

18,  p.  289  (1895). 

4.  On  Hermaphroditism  in  the  Cod.     18,  p.  297,  PI.  XIV.  (1895). 

5.  On   the   Rate  of  Growth  of  the   Food-fishes.      14,  p.  294^ 

Pis.  XIL,  XIII.  (1896). 

6.  A  Review  of  the  Work  of  the  "  Garland  "  in  connection  with  the 
^  Pelagic  Eggs  of  the  Food-fishes  (1890-96).  15,  p.  219 
^                                   (1897). 
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Matthews,  J.  Dunoan. 

1.  Report  on  the  Sprat  Fishing  during  the  Winter  of  1883-84. 

2,  p.  48,  PI.  III.  (1884). 
2  and  3.  Report  as  to  Variety  among  the  Herrings  of  the  Scottish 

Coasts.     Part  I.     4,  p.  61  (1886) ;  6,  p.  295  (1887). 

4.  Note  on  the  Ova,  F17,  and  Nest  of  the  Ballan  Wrasse  (Lahrus 

maculatui).     5,  p.  245,  PL  XI.  (1887). 

5.  On  the  Structure  of  the  Herring  and  other  Clupeoids.    5,  p.  257, 

Pis.  XV.-XVIII.  (1887). 

6.  The  Food  of  the  Whiting  (Gadua  merlangua).     5,  p.  317  (1887). 

Mill,  Dr.  Hugh  Robert. 

1 .  On  the  Physical  Conditions  of  the  Waters  of  the  Firth  of  Forth. 

5,  p.  349,  Pis.  XX.-XXIII.  (1887). 
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pelagic  eggs  of  fishes  in,  (8)  289 ; 
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post-lar\'al  fishes  of,  (8)289;    (11) 

264;  (14)225. 
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Trawling  investigations. 

trawling  stations  in,  (5)  65. 
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Aberdeenshire,   fishing  grounds  off,  (9) 

181. 
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pritmuUieay  (15)  129. 

Acanthias  indgaris.  See  Dog- fish,  picked. 
Acaiithocerctts   sordidua,    (9)  291  ;    (11) 

232. 
Acanthocotyle  elegans^  (20)  301. 

lobiancoi,  (20)  300. 

moiUicellii,  (20)  300. 

oligoUrua,  (20)  301. 

A  canthodori/t  piioaa^  ( 1 5)  1 16. 
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Aeartia^  distribution  of,  in  the  Firth  of 

Forth,  (16)  186. 
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454. 
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(20)  504. 
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neiiyer,  (9)  301. 
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AcidoHtoma  obemm,  (12)  262;   (19)  258; 
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AchoBU8  cranchiif  (15)  130. 
Achirirue,  (18)  351,  352,  358. 
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Achy-Lochy,  Argyle,  invertebrate  fauna 
of,  (15)  318. 
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AcotUiophorus  elongrUuM,  (12)  261  ;  (16) 
278. 

oniatwt,  (20)  449,  472. 
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UiicocephtituSf  (9)  292. 
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Acttrcn  tomcUUig,  (15)  115. 

Action  of  light  on  larva*,  (5)  246. 

Actinia  equtna,  (15)  163. 

Actiniee,  larval,  parasitic,  en  Hydro- 
medusae,  (6)  281. 

Actinozoa  of  Loch  Fyne,  (15)  163. 

as  food  for  haddocks,  (4  i29 

Adheres  percamm,  (19)  132. 

Adamsia  palliataf  (15)  163. 

Adearbis  subcarincUus,  (15)  120 ;  (20) 
522. 

^ga  bicarinataf  (15)  135. 

monophthalfna,  (18)  180. 

stroma,  (18)  180. 

(rwfeiM,  (18)  180. 

JSghrus  puneiiiucenSj  (15)  116. 

jEsapia  comula,  (18)  359. 

AitidiHS  armaluM,  (15)  307,  311,  313 ;  (19) 
238 ;  (20)  451. 
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Aflalo,  Mr  F.  G.,  (18)280. 
Age  of  cod,  (19)  228. 

common  dab  at  maturity,  (20)  371. 

haddock,  (19)  214. 

at  maturity,  (20)  410. 


plaice,  (17)  238  ;  (20)  357. 

at  maturity,  (20)  359,  360. 

sardine,  (8)  374. 

sharp-tailed  Lumpentis,  (22)  203. 

sprat,  (22)  180. 

whiting,  (19)  186. 

at  maturity,  (20)  400. 


witch,  (22)  195. 

Aglaophenia  myriophyllum^  (15)  164. 

Aglaia  compfanata,  (5)  328  ;  (8)  320. 

Agonus  cataphixicttiti.  See  Armed  bull- 
head. 

Alaska,  fisheries  of,  (9)  401. 

Alauna  rostrata^  (6)  253. 

Albino  plaice,  (22)  286  ;  (23)  252. 

Alcyonium  digitainm,  (15)  163. 

Alcyonicola /tm/ormisy  (14)  164. 

palmatum^  (7)  347. 

Alderia  nwdeata,  (8)  331  ;  (15)  117. 

AUxia  hiderUcUa,  (15)  1 17. 

Alkalinity  of  Firth  of  Forth,  (5)  352. 

AUorchestes  nilssonif  (6)  246. 

Alona  afinit,  (14)  168,  239;  (15)  321, 
333  ;  (16)  252,  260  ;  (17)  140,  149, 155, 
160,  164,  173,  179,  180,  184. 

costcUa,  (9)  293  ;  (11)  233  ;  (13)  188, 

189,  250  ;  (14)  168  ;  (15)  321  ;  (17)  140, 
184. 

exiyiia,  (16)  260. 

falcata,  (11)234. 

guttata,  (9)  275,  293  ;  (11)  233  ;  (12) 


286  ;  (13)  188,  190,  245,  250 ;  (14)  168, 
239  ;  (15)  321,  333  ;  (17)  140,  145,  150, 
155,  160,  164,  168,  173,  184. 

—  intermedia,  (13)  188  ;  (14)  239  ;  (15) 
330,  333  ;  (16)  252  ;  (17)  145,  150,  155, 
173,  184,  200. 

—  Uydigii,  (9)  292. 
negUcta,  (13)  188, 189,  245,  250, 255; 


(14)  239  ;  (16)  259,  260 

quadraiigularia,  (9)  273,  293;  (11) 

233  ;  (12)  286,  288  ;  (13)  188,  245,  250  ; 

(14)  239  ;  (15)  321,  333  ;  (16)  252,  260  ; 
(17)  140, '150,  155,  180,  164,  168,  173, 
184 ;  (20)  505. 

nistica,  (13)  188, 189, 245,  255  ;  (15) 

318,  321,  326,  333  ;  (16)  250,  252;  (17) 

140,  145,  155,  173,  184,  200. 
tenuicauda,  (9)  275,  292 ;  (17)  168, 

184,  200. 
AUmelJa  excisa,  (9)  293. 
exigua,  (9)  273,  293  ;  (11)  233  ;  (13) 

188,  190,  245,  250  ;  (14)  168  ;  (15)  321, 

333  ;  (17)  140,  145,  150,  155, 164,  173, 

184,  200. 
7ia>ia,  (9)  273,  277,  293,  296;  (11) 

233  ;  (13)  188,  245,  250 ;  (14)  168,  239 ; 

(15)  821,  323  ;  (17)  141,  145,  160,  155, 
164,  173,  184. 

pygmvea,  (9)  293  ;  (11)  233. 


^ 


Alatwpsis  elongata,  (9)  273,  292,  293  ;  (11) 
232  ;  (12)  286,  288  ;  (13)  188,  190,  245, 
250  ;  (14)  168,  239 ;  (15)  321,  333  ;  (16) 
252,  257,  260 ;  (17)  140,  145,  149,  150, 
153,  155,  164,  173,  177, 184. 


AUeutha  depressa,  (6)  241  ;  (8)  320 ;  (15) 

152  ;  (16)  177,  210. 

interrupta,  (6)  241  ;  (15)  152. 

piirpurocincta,  (6)  241  ;  (19)250. 

Alvania  abyssicola,  (15)  120. 

canrtHcUa,  (16)  119. 

carinata,  (15)  120. 

reticulata,  (15)  119. 

Amatkia  cariuo-spinoaa,  (7)  ^l* 
Amathaia  homari,   (15)  140;    (16)  170, 

177,  210  ;  (19)  263,  271  ;  (20)  600,  519, 

525 ;  (22)  257. 

sahini,  (7)321. 

Ameira  amhigua,  (21)  114. 

elegam,  (23)  144. 

exigua,  (12)243. 

exilis  (12)  242. 

longicaudata,   (10)  250;    (15)  149; 

(21)  115. 

longipes,  (8)  318  ;  (19)  248  ;  (21)  114. 

longiremuf,  (12)  241,  242  ;  (15)  149. 

propinqiia,  (20)  449,  460. 

puMa,  (21)  114. 

reflexa,  (12)  240  ;  (20)  503. 

tenuicortiU,  (20)  449,  459. 

Ammodiifcus  charoides,  (16)  275. 

gordialis,  (8)  314  ;  (15)  166. 

incertus,  (7)  314. 

MhoneanuSy  (16)  275. 

Ammodytes  lanceolcUus,      Set  Sand*eel, 

greater. 

iof)ianu8.     See  Sand-eel,  lesser. 

Ammopleurops  lacteus,  (18)  359. 
Ammotrypane  afxloga^ter,  (15)  159. 
Ampefisca  o'quicomis,  (6)  248. 
assimilis,  (11)  214;  (20)  477,  603, 

510,  516,  523. 

heUiana,  (11)214. 

hredcmiiis,  (19)  259;  (20)  478,  491, 

623,  5-24. 

eMchrichtii,  (15)  138. 


loBvigata,  (6)  230,  248;  (11)  214;  (16) 

138;  (17)264. 
macrocephala,   (6)    248;    (19)  259 ; 

(-20)  510,  516,  520,  523,  529. 
itpinipes,   (11)  214,  215;   (15)  138; 

(17)  264  ;  (19)  259  ;   (20)  477,  496,  616, 

519 ;  (-22)  257. 

ienuicomi8,  (6)  248  ;  (11)  214  ;   (16) 


138. 


typica,  (6)  248  ;  (15)  138  ;    (20)  523. 

sp.,  (16)  210. 

AmphidotuJt  eordatus,  (20)  510. 

Amphilochoidea  hoeckii,  (14)  159. 

intermedhis,  (14)  159  ;  (19)  236, 260  ; 

(20)  478,  510. 
odoiUonyx,  (11)  215  ;   (14)  159  ;  (17) 

265;  (19)260;  (20)510. 
pusillus,  (11)  215;    (12)  263;  (17) 

265. 
Amphilochns   manudeiia,   (6)    246 ;    (11) 

215  ;  (15)  138  ;  (20)  510. 

aahrituv,  (8)  326. 

teiiuimanuft,  (17)  265 ;  (20)  478,  491, 

516,  523. 
Amphioxus  lanceolatus.     See  Lancelot. 
Amphipoda  of  Lochs  and  Inland  Waters. 

See  Fauna,  Invertebrate. 

of  Firth  of  Forth,  (16)  170. 

of  Loch  Fyne,  (16)  262. 
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Amphithoe  liUarifia,  (6)  249. 

padoceroicUSf  (6)  248. 

ruhricaia,  (15)  141. 

Amphithopsis  fatipes,  (8)  328. 
Amphiura  IxUli,  (20)  312. 

chiajii,  (15)  161  ;  (20)  314,  319,  324. 

Jilifiyrmis,  (15)  161 ;    (20)  314,  319, 

324. 

thgans,  (15)  162 ;  (20)  312,  319,  324. 

Amphora  otiUiSt  (9)  274. 
Amymone  nigranSy  (18)  389. 

aphosrica,  (4)  150  ;  (6)  239  ;  (15)  149. 

AiMpagw-us  chirocKanlhus,  (15)  131 ;  (20) 

510. 
hyudmanni,  (6)  258  ;  (15)  131  ;  (20) 

496. 
io'tns,  (6)  258  ;    (15)  131  ;    (20)  616, 

522. 
Aiiarrhichas  lupus.     See  Cat-fish. 
Aiiceus  nutxillaris,  (7)  321 ;  (15)  135. 
Anchialiis  ayilis,  (18)  404. 
Anchorella  ttrevicolluy  (19)  135. 

emarginaia,  (18)  176. 

ovtilis,  (19)  133. 

nu/ow,  (9)  306  ;  (18)  176. 

«co7nbriy  (19)  135. 

tttdlata,  (18)  178  ;  (19)  133. 

uncina/a,  (9)306  ;  (15)  155;  (18)  177. 

Anchovies,  fisheries  for,  (8)  352. 

migration  of,  (13)  333. 

in  English  Channel,  (8)  362. 

in  Scottish  waters.  (8)  15,  351. 

Anchovy,  embryo  of,  (16)  214. 

fishing,  relation  of  temperature  to, 

(9)  415. 
life-history  and  development  of,  (6) 

306. 

larva  of,  (16)  215,  216,  217. 

occurrence  of,    at    Aberdeen,   (20) 


539. 


—  occurrence  of,  in  Firth  of  Forth, 
(20)  539. 

occurrence  of,  in  Wigton  Bay,  (23) 


252. 
researches  on,  by  Marion,  (8)  353, 

372. 
spawning    period    of,   (4)  252 ;  (6) 

306. 
Ancylopseftay  (18)  356. 
Ancylus  fluviaiilw,   (8)   338,    340,    341 ; 

(13)244,249;  (16)251. 

lacustris,  (15)  320. 

Anderson,  M.  J.  G.,  (12)  24. 

Mr  J.  M.,  (12)218. 

Anenumia  milrtUck^  (15)  163. 
Anemophila  peltcUa^  (21)  129. 
Angel.fish  {Rhiiia  aquatiiia,  (4)  227  ;  (18) 

292. 

occurrence  of,  (20)  541. 

parasites  of,  (20)  295. 

Angler,     monk,    or    frog-fish    {Laphius 

piscat<mu8),  (18)  276  ;  (19)  138. 

age  at  maturity,  (21)  194. 

change  of  volume  of  eggs  of,  during 

maturation,  (16)  142. 

character  of  yolk  in,  (16)  118. 

development  of,  (9)  15,  343. 

distribution  of,  (21)  186. 


distribution  of  adult  and  immature, 

(8)  176. 


Angler,  eggs  of,  (10)  297  ;  (16)  150  ;  (21) 

189. 

fecundity  of,  (9)  251. 

food  of,  (7)  231,  236,  237,  240,  252  ; 

(8)  232,  245,  249,  251,  256 ;  (9)  232, 

239,  240  ;  (10)  229 ;  (20)  486,  492  ;  (21) 

186,  195. 

growth  of,  (21)  186,  189. 

intraovarian  eggs  of,  (16)  100. 

larvae  of,  (21)  189. 

maturation  of  eggs  of,  (16)  127. 

mature  and  immature,  (8)  166. 

method  of  preparing,  for  market, 

(20)  101. 

migration  of,  (21)  189. 

ovaries  and  ovarian  eggs  of,  (9)  245 ; 

(16)  125. 
parasites  of,  (9)  306 ;  (18)  157,  181  ; 

(19)  138;  (22)  277. 
proportion  of  males  to  females,  (8) 

349;  (10)239. 
size  at   maturity,    (10)    238;    (21) 

194. 

spawning  of,  (7)  197  ;  (21)  189. 

young,  measurements  of,  (21  )187. 

scarcity  of,  (8)  177  ;  (21)  187. 

Awjttiila  iHilgaria,     See  £!el,  common. 
Animal  colouring  matters,  (7)  386. 
Ankerkuil  fishery  in  Holland,  (6)  307. 
Annelid  parasites  of  Sagitta^  (14)  165. 
Annelids  and  other  forms  as  bait,   (6) 

298. 

as  food  of  tod,  (4)  136,  145. 

as  food  of  liaddocks,  (4)  129. 

as  herring-food,  (4)  126. 

AnodorUa  cygnasa,  (9)  271  ;  (17)  159,  185. 
Anonia?o<:era  paterwiiii,  (4)  150;  (6)238; 

(15)  147;  (16)  177,  188,  189,  210;  (17) 

252;  (19)  239. 
Aiiomia  ephippiumy  (7)  347  ;  (15)  123. 

jxUtilt/ormisy  (15)  123. 

Anonyx  ampuliuy  (7)  320  ;  (11)  212. 

deiUicnlatus,  (8)  326. 

edxoardtniy  (6)  246. 

holbolli,  (6)  230 ;  (8)  326. 

/ongipesy  (7)  320. 

ntigaxy  (11)  212  ;  (19)  258 ;  (22)  243, 

256. 
Anstruthcr  district,  fish  landed  hj  net, 

line,  and  steam -trawl  boats  in,  (o)  136. 

monthly  •*  takes  "  of  fish  in,  (6)  117. 

monthly  **  take "  of  line  and  net 

boats  from  inshore  grounds,  (6)  168. 

statistics  of  fish  caught  in,  (6)  117. 

total  quantity  of  white  fish  landed 

by  net  and  line  boaU  in  1884,  1885, 

1886,  1887,  (6)  187. 
AiUedoti  hifdoy  (15)  161. 

roaactay  (6)  230. 

AiUhocolyU  merluccii,  (19)  148. 
AnthoBoma  cnzMfim,  (23)  112. 

nnithi  {2S)  112. 

Anurifa  cLCtUeatOy  (9)  280. 

cochieariSy  (9)  280. 

Aara  gracUuy   (6)  248 ;  (15)   140 :   (20) 

523. 
Apher^uKt  hispinoaay  (15)  139 ;   (16)  170, 

210 ;  (20)  516. 
barealisy  (12)  264 ;  (16)   170,  210  ; 

(19)262;  (20)491,516,027. 
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Aphorutia  onuUa,  (18)  359. 
Aphrodite  acuUata,  (16)  160. 

ap.,  (6)230. 

Aphya  pellucida,  spawning  period  of,  (4) 

245. 
Apionichthys,  (13)358. 
Aplysia  punctata^  (15)  116. 
AporrhdU  pes-pelicani,  (15)  118. 
Apstein,  Dr,  (17)  100. 
ArachnactM,  sp.,  (15)  307/308,  310. 
Area  pectunculouieSf  (20),  449. 
Archer,  Mr  Walter,  (12)  294,  297. 
Arcturella  dilatcUa,  (19)  236,  271  ;  (20) 

497 ;  (23)  151. 
Arcturua  gracilis,  (6)  252. 

inUrmedia,  (6)  252. 

longicomis,  (6)  252. 

Area  of  closed  waters  in  Firth  of  Forth 

and  St.  Andrews  Bay,  (14)  130. 
Arenicola.    See  Lobworm. 
Argentina   situs.       See   Smelt,    greater 

silver. 
Argentina  sphyrasna.     See  Smelt,  lesser 

silver 
Argiftaicia  cylindrica,  (7)  319  ;  (15)  142. 
Argina  pescata,  (7)  341. 
Argisaa  hamatipes,   (11)  213,   214;  (16) 

170,  177,  210  ;  (17)  265  ;  (18)  401 ;  (19) 

269  ;  (20)  613,  516,  527. 

(ypica,  (11)213. 

Argulus  foliaceuSf  (18)  179. 

Armed  bullhead  or  pogge  (Agontui  cataph- 

ractus),  (4)  232  ;  (9)  310;  (16)  110;  (18) 

276;  (21)74;  (23)167. 

age  when  first  mature,  (21)  77. 

e^  of,  (3)  60. 

distribution  of,  (21)  74. 

distribution  of  adult  and  immature 

of,  (8)  177. 

fecundity  of,  (9)  250. 

food  of.  (20)  486,  492L 

growth  of,  (12)  334  ;  (21)  76. 

mature  and  immature,  (8)  177. 

parasites  of,  (18)  162  ;  (19)  141. 

post-larval  forms,  (7)  308. 

proportion  of  sexes  in,  (21)  74. 

relation  of  length  to  weight,  (22) 

239. 

siM  at  maturity,  (10)  238. 

spawning  of,  (7)  197  ;  (13)  230;  (21) 

74. 

vitality  of  eggs  of,  (13)  230. 

Amoglossns  grohmanni,  (18)  367. 

lattma.     See  Scald-fish. 

megoittoma.     See  Megrim. 

Arpacticns  nobUis,  {2\\  130. 

Artificial  hatching  and  rearing  of  sea-fish. 

See  Hatching. 

baits,  (7)  352. 

AHotrogua  boeckii,  (6)  242  ;  (11)  210. 

magniceps,  (4)  154  ;  (6)  233,  242. 

normam,  (6)  232  ;  (20)  473. 

orbicularis,  (16)  154  ;  (16)  272  ;  (18) 

400. 

papi/latus,  (6)  232,  233,  234,  242 ; 

(17)  ?62,  263. 
Ascidia  intestinalis,  (9)  301. 

mentula,  (15)  114. 

Aecidicola  rosea,  (6)  239 ;  (16)  149 ;  (20) 

526. 


Ascidielia  scabra,  (15)  114. 

virginea^  (16)  114. 

Ascomyzon  echinicola,  (11)  210- 

omatus,  (20)  472. 

simulans,  (16)  270. 

Ascroft,  Mr  R.  L.,  (11)  489. 

Asellopsis  hispida,  (8)  318. 

Aselltis  aquaticus,   (13),  249;    (17)   139, 

167,  168,  186. 
Aspidiscus  fasciatus,  (10)  268. 
Aspidoeda  normani,  (16)  279  ;  (17)  268  ; 

(20)  480 ;  (22)  264. 
Aspidophryxus  pellattts,  (15)   169;    (18) 

403. 
Astacilla,  sp.,  (20)  497. 

gractlts,  (6)252. 

iiUermedia,  (6)  252  ;  (19),  271. 

longiconiis,  (6)  252  ;  (16)  136. 

Astactis  gammarus,  (16)  131. 
Astarte  compressa,  (15)  125. 

eUiptica,  (15)  126. 

sulcata,  (15)  126. 

triangularis,  (15)  125. 

Asterias  glacialis,  (15)  161. 

murrayi,  (16)  161 ;  (20)  111,  319,  324. 

ruJbens,  (15)  161  ;  (20)  311,  319.  326. 

spawning  period  of,  (4)  216. 

var.  aHmuata,  (20)  311,  319, 

324. 
Ast^rionella  formosa,  (9),  274,  282. 
Asteroeheres    echinicola,   (16)    270 ;    (18) 

399. 

iilljeborgi,  (16)  270. 

vidcuxus,  (16)  270  ;  (20)  47a 

Asteromphaliis  atlanlicus,  (15)  297. 

heptwUis,  (15)  297.  298. 

ralfsianum,  (16)  297. 

Asterope  inarioi,  (8)  326  ;   (15)  145  ;  (20) 

497,  611,  617. 

teres,  (5)  328  ;  (15)  145. 

Astronyx  loveni,  (20)  313,  319. 
Astropecten    irregularis,   (20)  307,    319, 

324. 

iimicola,  (7)  113  ;  (15)  166. 

Astrorhiza  arenaria,  (19)  236,  257. 
Atelecydus  heterodon,  (6)  257. 

sepUmdentatus,  (6)  257  ;  (19)  279. 

Athelges  pagun,  (6)  251  ;  (16)  136. 
Atheresthes  stomias,  (18)  362. 
Atherina  hepsttus,  eggs  of,  (9)  419. 

fishery  for,  in  France,  (9)  419. 

presbyter.     See  Smelt,  sand. 

Atlantic  water  in  North  Sea.  (12)  352. 
Attheyella  crassa,  (12)  286,  288  ;  (13)  188, 

244,  249 ;  (14)  168,  239  ;  (16)  320,  332; 

(16)  252.  260  ;  (17)  140,  145,  148. 
cryptorum,  (11)  225,  227,  228,  229, 

2.36. 

cuspidatum,  (16)  260. 

duthiei,  (14)  239,  241  ;  (17)  159, 164, 

183   189. 

macandreuxK,   (13)    249.    263;    (14) 


168,  169. 

propinqua,  (11)  227,  236. 

pygmasa,  (12)  286;    (13)  188,  244, 

249  ;  (14)  168,  239  ;  (16)  330,  331,  332  ; 

(16)  262,  260  ;  (17)  140,  146,  160. 

spinosa,  (9)  272,  276  ;  (11)  225,  227, 


229  236. 
^cho'kkei,  (13)   188,  244,  249;  (14) 
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239  ;  (15)  320,  332  ;  (16)  252,  260  ;  (17) 

140,  145,  159,  164,  168,  173,  183. 
Atwater,  Professor :  Experiments  on  the 

digestibility  and  composition  of  fish, 

(5)  222. 
Atylua  hispinomis,  (6)  247. 

sioammtrdamiiy  (6)  247. 

vedhmensis,  (7)  321. 

Aiirelia  aurita,  (15)  136  ;  (16)  210. 
Auriadhia  imculpta^  (15)  121. 

Miqua,  (15)  121. 

Austria  as  a  market  for  Scottish-cured 

herrings,  (7)  168. 
Autumn  spawning  of  cod,  (23)  253. 
Autmioe  longijoea,  (14)  161  ;  (20)  603. 
Axinus  croulviensis,  (15)  127. 

femtgiiumutf  (15)  127. 

flexuoswi,  (16)  127. 

Azei^a,  (18)  356. 


B 


Bacilltis  Jlavus  gdcUinostis^  (6)  210. 

puHctiforman«f  (6)  210. 

mhtscem,  (6)  205,  212. 

Bacteria,   forms   of,   observed  m  river 
water,  (4)  177,  183 ;  (5)  331. 

in  living  fish,  (6)  287. 

in  water  of  Tay,  (4)  187. 


Bacteriaatrum  delicatulum,  (15)  298. 

mrians,  (15)  214. 

Bacterium  innomincUum^  (6)  210. 

rubigiHosum,  (6)  208. 

Baff-net  fishing,    destruction  of  young 

fashes  by,  (4)  206  ;  (8)  190 ;  (23)  156. 

for  sprats,  (4)  205 ;  (23)  161. 

Baff-nets,  (10)  172 ;  (23)  161. 

Bain,  Mr  Walter,  (8)  23,  257 ;    (9)  21, 

177;  (10)23;  (11)24. 
Baird,   Professor  Spencer,  (5)  234 ;   (6) 

14,  301. 
Bairdia  complanaJta^  (15)  142. 

injkua,  (8)  321  ;  (16)  263 ;  (19)  256. 

Bait,  annelids  as,  (6)  270. 

artificial,  (7)  352,  353  ;  (8)  362. 

Bucciiium  widatum  as,  (7)  347,  352, 

356. 

bullock's  liver  as,  (7)  354, 

cUm  as,  (7)  352,  354,  356. 

cockle,  (7)  328,  352,  354,  356. 

crabs  as,  (18)  140. 

cuttle-fish  as,  (7)  354. 

deficiency  of,  (6)  11,  12,  22. 

earthworms  as,  (7)  354,  356. 

enquiries  into  the  supplies  of,  (7)  11. 

experiments  on  preserving  mussels 

for  (5)  358. 
experiments  on  the  value  of  different 

baits,  (7)  352. 

fisheries,  (9)  17 ;  (10)  16. 

Helix  aapersa  as,  (7)  356. 

iiemaralis  as,  (7)  356. 

herring  as,  (7)  352,  354,  356. 

limpet  as,  (7)  352,  354,  356. 

ling  as,  (7)  356. 

lugworm  as,  (7)  352,  354,  356. 

lumpsucker  ova  as,  (6)  273. 

mussel  as,  (7)  354. 

mussels  preserved  in  boracic  acid 

as,  (7)  354. 


Bait,  Ntphrops  norveyieua  as,  (7)  356. 

shell-fishes  as,  (4)  217  ;  (6)  273. 

snails  as,  (7)  354. 

Soien  siliqua  as,  (7)  352. 

squid  as,  (7)  352,  356. 

whelk  as  (7)  354. 

Baited  hooks,  injuries  to,  (4)  203. 
Baiani,  (6)  262  ;  (16)  201,  202,  208  ;  (20) 

533. 
BalaTiogfossus,  (7)  387. 
Bafanwi  {Cypria  stage),  (20)  489,  492, 495, 

500,  601,  503,  505,  507,  511,  517,  620, 

521. 

balanoidea,  (6)  236,  251;   (15)  155. 

crenatusj  (6)  237 ;  (15)  165. 

harneri,  (6)  237  ;  (15)  155. 

porcalus,  (6)  236  ;  (15)  155. 

tiiUinnabulum^  (6)  237. 

BaUan  wrasse.     See  Wrasse,  ballan. 
Ballantrae  Bank,  alleged  injurious  action 

of  herring  seine  at,  (18)  259. 
herring  spawning  ground  at, 

(2)  65. 


as  spawning  ground  for  Loch 
Fyue  herrings,  (18)  253,  260. 

herring  fishery,  statistics  of, 

(18)261 


herring  fishing  at,  (4)  57. 


seine-net  fishing  at,  (11)  5  ;  (12)  18; 

(13)  13  ;  (14)  14. 
Baltimore  Fishery  School,  (6)  301. 
Barra,  cockle-beds  of,  (8)  19. 

mackerel  of,  (12)  17  ;  (13)  13. 

Barrett,  Dr  W.  H.,  (3)  70. 

Basking  shark.     See  Shark,  basking. 

Bass  {Lalyrax  luptu),  (6)  275 ;  (21)  229; 

(23)  109,  117. 

spa wninc  period  of,  (4)  244. 

Bateson,  Mr  W.,  (7)  385  ;  (8)  362. 
BcUhyporeia    norvegicay   (11)  213;    (19) 

259 ;  (20)  477,  516,  535. 

p«/aflrica  (11)  213. 

pUoaa,  (6)  246  ;  (11)  213. 

roberUanii,  (11)  213 ;  (15)  137. 

sp. ,  (16)  210. 

Bay  of  Biscay,  statistics  of  catches  of 

trawler  at,  (20)  135. 
Beam-trawl,  action  of,  on  eggs  of  herrings, 

(3)  58. 
efficiency  of,  compared  with  otter- 
trawl,  (20)  118,  123,  124,  125;  (21)  30. 

vitality  of  fish  caught  by,  (8)  183. 

nets,  new  inventions,  (7)  29. 

Beam-trawlers,  fish  landed  by,  (10)  13 ; 

(11)  11,27;  (12)181. 

illegal  operations  of,  (9)  3,  4,  6. 

statistics  of,  (9)  89  ;  (12)  177. 

Beam-trawling.    Set  cUso  Trawling. 

(7)  2;   (10)  10,  16,  181 ;  (11)  9,  10. 

area  of  water  closed  to,  (12)  8. 

capture  of  immature  fish  by,   (8) 

179 ;  (9)  29. 
effect   of,  on   eggs   of  fishes   and 

youns  fishes,  (12)  193. 

efi&ct  of,  on  invertebrate  fauna  and 


fish-food,  (12)  184. 

—  enquiry  on  influence  of,  (14)  10,  17. 
-—  influence  of,  (15)  8 ;  (8)  8  ;  (12)  8. 

—  in  Ireland,  enquiry  on,  (8)  361. 

—  investigations  of,  (13)  11,  17. 
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Be^m- trawling  in  relation  to  the  fiihing 

groandi  and  fiahiis,  (H)  176. 
quantitiei    of  tish   causht  by,    (fll 

24,25. 

regulations  of,  in  Ireland,  (12)  388. 

regiilfttiors  regarding,  {12)  9. 

report  on,  (9)  21  ;  (10)  23. 

result  of  closure  of  inshore  waMrs 

to,  (12)  167. 
Beard,  Dr  Jolm,  (R)  15,  .100. 
Beaumont,  Dr,  experimenta  on  digesti. 

biUty  of  fish,  (5)  223. 
Btla  Irtittyaua,  (13)  US. 

lurrirota,  (15)  118. 

Belgium  at  a  market  for  Scottish-cured 

herringd,  (7)  165. 
dftetniction   of  immature   liih    in, 

(8)  374. 
enquiry  on  the  deetmetion  of  im- 
mature lish  in,  (»)  416. 

liaherj  entjuiries  in,  (B)  416. 

Bellia  arcnai-Ut.  im -26*. 
Bt/oiK  ru/yaru.     See  Garfish , 
Beiieilen,  Vro/esaor  van,  (B)  416. 
BergylL    See  Haddock,  Norway. 
Berrj,  Mr,  Danish  C^naid-licneral,  (13) 

Bib,    brasait!,    or    whiting.pout    {Gaitia 

IwKtu),  (18)  SttkJ. 

caught  by  bait,  (7)  356. 

cggB  of,  (4)  2l'ij   (8)  28!  <1«)  fll, 

114.115:(I7)82-»4.93.94,B6, 104. 106. 

fecundity  of,  (9)  25S. 

food  of,   (6)  240  ;  (8)  251  ;  (20)  488, 

511  ;  (21)221. 

in  Loch  Fyne,  (4)232;  15.111. 

mature  and  immature,  (8)  177. 

panuitea  of,  (19)  141  ;  (22)  278 ;  (23) 

108,  113.  . 
—~  proportion    of   lualea   to  females. 

(8)  349. 
question  of  specific  distinction  from 

poor-cod,  (4)  208. 

eexual  proportions  of,  (10)  239. 

apawning  of,  (7)  197  ;  (8)  268. 

spawning  period  of.  (4)  247 ;  (17)  88. 

Biddulphia,  ap.,  (15)  213. 

Bi«trix,M.,  (9)418. 

Biloculirta  depreisa,  (7)  312;    (15)  165; 

(20)  510.  537. 

tlongala,  (7)  312 ;  (15)  165. 

obitmga,  (20)510. 

ringtM,  (7)  312  ;  (15)  166. 

mhroHiiula,  (20)  510. 

Bimaculated  ancker  ( Ijepaiiogaiier  biliia- 

cn/o/M).  (15)  257,  259  ;  (17)  126. 

development  of,  (14)  178. 

eggs  of,  (3)  60. 

Binnie,  MrT,  (9)311,  389. 

Biological  station  at  PuSn  Island,  work 

of.  (9)  393. 
Black   Loch,    Argyllsliire,    invertebrate 

fauna  of,  (15)318. 
Black.mouthed  dog.fish.      Ste  Dog'fish, 

black- mouthed. 
Block  sole.     See  Sole. 
Blanchard,  Dr  R.,  (9)  421  ;  (13)  165. 
SlenniuM  pholis.     See  Shanny. 
Blenny,   shatp-tailed.      See    Lnupenns, 

sharp-tailed. 


riiipartu). 


-  egg.  of,  (4)  213. 

-  embryo  of,  (3)  57. 
-food  of,  (20)486,  501. 

-  food  of  young  of,  (3)  53. 

-  aeiual  proportions  of,  (10)  239. 


Yatrell's  (CTirofopAw  •jaltrUa),  (4) 

213,  222,  232 ;  («)  TiH ;  (8)  358  ;  (15) 

110;  (18)280. 
Blood  of  Nepkropt  ytorvtgkwi,  (4)  171. 
Blue  shark.     See  Shark,  blue. 
Boar-tish  {Caprot  aper).  spawning  period 

of,  (4)  245. 
Boeckia  artnieota,  (10)  362  ;  (18)  390. 
BodUria  aninaa.  (6)  253 ;  (19)  273. 

acorpioiiU^,  20,  510. 

Bohualfin.  fisheries  of,  (9)  408. 
Boliviiut  dUalala.  (7)  315  ;  (16)  276. 

l<ir»igala,  (16)276. 

piieala,  (16)276. 

pumVa/o,  (7)315;  [16)276. 

Roloftra  luedi<^.  (15)  163. 
Bomotorh,,^  oiMwi.  (20)  288 ;  (23)  110. 
We'N(ll)2l2i  (18)  146;  (19)  121; 

(20)  288  ;  (23)  lOS. 

ztii'jopltri.  (20)  290. 

Bonito  ( Thymiii*  pelamyi).  (18)  277. 
-'—  belted  {PeJamyn  tarda),  (IS)  277. 
Boo/i«f(a.  (18)361. 
BopyrtndrJi  hippolytit,  (17)  266. 
Boracic  acid,  curing  of  dried  fish  with, 

(6)212.         _         . 
Boi-eophatttaa  Miermtn,  (7)  327. 
raiehii,  (4)  157 ;   (6)  254.  255 ;   (7) 

324 ;  (8)  330 ;  (15)  133 ;   (16)  158,  160, 

209;  (17)  267. 

OS  herring-food,  (4)  123,  124. 

Borgers,  M.  Anguste,  (9)  207,  416. 
Borinfr  worms,  (4)217. 
Borodine,DrN..  (12)404. 
Bonnina  Imigiroitri,  273,  280,  282, 

291  ;  (12)  286.  289  188,245,250; 

(14)168,239;  (15  333;  (16)  252, 

258,  260  ;  (17)  138  145.  149,  155, 

164,  168,  173,  184  505. 
l<mgitpi«a,  (9)  Ml;   (11)231; 

(14)  168,239;  (16  (17)  138.  140, 

148,  163.  164,  171,  173,  176,  177,  178, 

179,  181,  182,  184. 
Boston  fish  bureau,  report  of,  (13)  338. 
Bolarhas  eylindralm,  (15)  148. 
Ztofftins,  (18)351. 
Bolhriocepk<aiti  tatiut,  (9)  273. 
Bo/hiis  maximtu.    See  Turbot. 

rhtmUnui.     Ste  Brill. 

BotryUopkitus  r\dier,  (18)  38S  ;  (19)  242. 
Bottemanne,  Mr  C.  J.,  (10)  350. 
BouchiJt  flfsleni  of  mussel  cultnre,    (7 

331.  334;  (8)  17  ;  (9)212. 

cost  of,  (9)  218. 

mussel  culture    and    the    Boachot 

experiments  at  St.  Andrews,   (9)   IS, 

212. 
Boulenger,  Mr,  (18)  335. 
Bounty  system  in  Otiada,  (12)  391. 
Bourne,  Mr  Gilbert  C,  (6)  298 :  (7)  38«, 

3871(8)361. 
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Bmchidla  bUpinoaay  (10)  132.' 

impudka,  (18)  169. 

iiiiidiosay  (18)  176. 

merlucciiy  (IS)  175. 

otnlis,  (19)133. 

pastinacit,  (22)  275,  278. 

roBtrata,  (18)  174. 

/nV//f^  (19)  133;  (23)  115. 

Brachiopoda  of  Loch  Fyne,  (15)  129. 

Brachypleum,  (18)361. 

Brackish  water,  Crustacea  of,  (15)  317. 

Brady,  Sir  Thomas,  (8)  21 ;  (9)  20. 

Professor  G.  S.,  (5)  328  ;  (6)  29,  232; 

(9)  269  *  (10)  244. 
Bradya  eiefjatu,  (13)  166  ;  (15)  149  ;  (19) 

247. 

fusca,  (13)  166. 

hirmf^,  (13)  166  ;  (17)  253  ;  (19)  247. 

minor,  (13)  166;  (21)  113. 

mmiiis,  (15)  149 ;  (19)  248. 

<yptVa,  (13)116;  (17)253;  (19)247; 

(20)  503,  517. 
Bradyidim  antKUm,  (16)  264 ;   (17)  248, 

270  ;  (18)  383  ;  (19)  238  ;  (20)  451. 
Biruiifpontius  cJidiftr,  (17)  262. 

magnicew,  (15)  154  ;  (20)  473. 

nomiam,  (15)  154  ;  (20)  473. 

papillahisy  (17)  262. 

Brain  of  sand-eel,  development  of,  (13) 

276. 
Brama  raii.     See  Bream,  Ray's. 
Branch iostoma  lanceofai nm.  See  Lancelet. 
Brand,    herring,    complaints    regarding 

trustworthiness  of,  (7)  170. 
Brassie.     See  Bib. 
Bream,  black  sea  {Can f hunts  lineaht/i),  (4) 

244 ;  (20)  540. 
common     sea-      {Payellua     centra- 

dontus),  (4)  244  ;  (18)  274. 
-— -  RaVs  {Brama  raii),  (18)  277. 
Brill  {Rhom\nt8  loevis,   Bothtis  rkombu^f), 

(18)257,285;  (21)51. 

development  of,  (9)  317  ;  (10)  294. 

distribution  of,  (21)  51. 

distribution  of  adults  and  immature, 

(8)  172. 

distribution  of  eggs  of,  (15)  242. 

distribution  of  young,  (10)  280. 

eggs  of,  (16)  91,  114,  115;  (17)83, 

93. 

fecundity  of,  (9)  262. 

food  of,  (7)  240  ;  (21)  52. 

growth  of,  (9)  391  ;  (11)  195. 

mature  and  immature,  (8)  172. 

migrations  of,  (21)  51. 

parasites  of,  (18)  154  ;  (19)  141. 

post-larval  forms  of,  (7)  307. 

sexual  proportions  of,  (8)  349 ;  (10) 

239. 

size  at  maturity  of,  (10)  238. 

size-limit  between  mature  and  im- 


mature, (22)  18. 
spawning  period  oi,   (4)    250;    (7) 

192  ;  (8)  265 ;  (10)  232,  234  ;  (16)  243  ; 

(17)  98. 

young  of,  (11)246. 

BriswpaiM  lyrifera,   (7)  316 ;    (16)   162 ; 


(20)  317,  319,  324. 
Brodick  lobeter  pond, 
(14)  14,  190. 


(18)  119;  (12) 


Brook,  Mr  George,  (3)  32 ;  (4)  31,  128, 

134, 222, 231, 242 ;  (5)  326, 347 ;  (8)  363. 
Bromniits  hroftme.     See  Tusk. 
Brown,  Dr  H.  Reynolds,  (12)  297. 
Buccinum  undatumy  (15)  118;  (20)   507, 

511. 

as  bait,  (7)  347,  352,  356. 

egg  cases  of,  (7)  337. 

Buch,  Mr,  (6)  16. 

Buchan  Deep,  (9)  181. 

Buckhaven  haddock  and  cod  line  fishery, 

(6)  95,  96  ;  (7)  9 ;  (8)  29  ;  (9)  28  ;  (10) 

29;  (11)30;  (12)31;  (14)23. 
Buckland,  Mr  F.,  (10)  173. 
Bwjtda  turbinata,  (15)  156. 
BtUimina  elegana,  (8)  315. 

deganiimmay  (8)  316  ;  (16)  276. 

fusiformiSy  (8)  316. 

marginatay  (15)  166. 

pupoidesy  (7)  315  ;  (8)  316. 

Bidla  tUrictduSy  (6)  265  ;  (15)  116. 
Bullhead,    Norway    (Coitus  liUjeborgii)y 

(18)  275. 
Burbot  (Lota  vulgaris),  (4)  249. 
Burdett-Coutts,  Baroness,  (6)  301. 
Burghead  Bay,  deep-wat-er  fishes  present 

in,  (21)  35. 
trawling    investigations    in.       See 

Trawling  investigations. 
Butter-fish.     See  Gunnel. 
Byhlis  gaimardiy  (6)  248  ;  (19)  236,  260. 
Bye-law  closing  the  Firth  of  Forth,  St. 

Andrews  Bay,  and  Aberdeen  Bay  to 

beam-trawling,  1886,  (5)  44. 
Bye-laws  concerning  trawling,  (5)  44 ;  (6) 

2,26;  (7)15;  (8)22;  (11)9,23. 
Byrne,  Mr  W.  L.,  (20)541. 
Byihocyihert    constrictay    (7)    318 ;    (15) 

144. 

rectay  (8)  324. 

simplexy  (6)  244  ;  (15)  146 ;  (20)  503, 

611,  520,  523. 

turgiday   (8)  324;  (16)    144;    (20) 


497,611,620. 
Bythotrtphes  cederstromii,  (9)  296. 
hngimanusy  (9)  273,  280,  295  ;  (11) 

234;    (12)  286;   (14)   168;    (17)   138, 

144,  148,  153,  163,  171,  176,  177,  178, 

179,  181,  182,  185,  201. 


Cftcum  glabntmy  (16)  119. 

Cadultis  mihfusijormisy  (20)  449. 

Caine,  Mr  W.  S.,  M.P.,  (12)  287. 

Caithness,  hauls  off,  (21)  18. 

Calanus  elongatuSy  (18)  383. 

Jinmarchicusy  (6)  228, 237  ;  (10)  246  ; 

(15)  146,  305,  306,  387-312 ;  (16)  177- 

180,  207,  210;  (17)  114;  (20)  491,  494, 

600,  604,  ftc. 

— as  herrin||[-food,  (4)  126. 

distribution    of,    in  Firth  of 

Forth,  (16)  180. 

pelagic  egn  of,  (8)  363. 

hypeAoreus,  (35)  460. 

parmis,  (17)  248 ;  (18)  383. 

Calderwood,  Mr  W.  L.,  (4)  102,  147,  228; 

(6)  46  ;  (6)  263 ;  (7)  183 ;  (9)  331,  391 ; 

(11)  49a 


184 


Part  III. — Twenty-third  Anmial  Report 


\ 


CcUigtu  abbreviatiis,  (23)  109. 

brevipedis,  (20)  291 ;  (23)  110. 

crasmu,  (23)  112. 

curtiis,  (18)  148. 

diaphanus,  (9)  304  ;  (18)  149. 

iaonyx,  (9)  310  ;  (18)  149. 

mulleri,  (9)  305  ;  (18)  148. 

minimusy  (23) 

minulu^*,  (23)  109. 

normanniy  (18)  151. 

obacurtiSf  (18)  153. 

productus,  (19)  124. 

rapax,  (9)  305  ;  (15)  155 ;  (16)  177, 

190,210;  (18)  148. 

scombri,  (19)  124. 

Caligidium  vagabundum,  (20)  473. 
Calocaris  macandrei,  (6)  265;   (15)   131; 

(20)  448,  480. 
CalUaiiassa  subUnnnea,  (19)  278. 
Calliaxis  adriatica,  (18)  405. 
CaUicotylt  kroyeri,  (20)  299,  536. 
Calliobdellu  lophii,  (19)  138. 
Callionymua  lyra.      See  Dragonet,  gem- 

meous. 

nuuyidcUuii.     See  Dragouet,  spotted. 

CalUope  JtngaUi,  (8)  328. 

OHsiani,  (8)  328. 

CaUiopius  hidentaluSf  (6)  247. 

Iffvhuculwi,  (6)  247  ;  (20)  500. 

rathkei,  (14)  160. 

C7a//womafrc?ta<a,(7)319;  (15)137;  (16) 

170,  176,  210;  (18)  181 ;  (20)  516. 
CaUiUa  gigant^ay  (7)  341. 
Campbell,  Captain  R.,  (11)  24 ;   (12)  24  ; 

(13)  18,  165. 
Campanularia  veriicillatay  (15)  164. 
Camptocercus   macrumsy  (11)  232;    (12) 

286  ;  (13)  245  ;  (15)  330,  311,  333. 
rectirostrisy  {\1)  \AQy  155,  171,  173, 

179,  184,  200. 
Campylaspis  affinUy  (8)  330. 

costcUay  (16)  135  ;  (19)  236,  276. 

rvbicuiiday  (8)  330;    (15)  135;   (16) 

167, 209  ;  (17)  267  ;  (18)  403  ;  (19)  236, 

276 ;  (20)  510. 
Campvlodptcus  costatus,  (9)  274. 
Canada,  enquiry  regarding  the   cure  of 

herrings,  (8)  364. 

fisheries  of,  (12)  390. 

fishery  work  in,  (8)  364  ;   (9)  396  ; 

(10)334;  (11)493;  (12)390. 

lobster  fisheries  of,  (6)  192. 

money  spent  on  fisheries  in,   (12) 

390. 

statistics  of  fisheries  of,  (9)  396. 

Cancer  maxiUariSy  (7)  321. 

pagurti8.     See  Crab,  edible. 

CanceriUa  tubxdatay  (11)  211 ;   (20)  449, 

473. 

iubulosay  (19)  236 

Cancerina  con/usay   (19)  236,  252;   (20) 

481. 
Candace  pectincUay   (8)  317 ;    (10)  246 ; 

(16)  177,  189,  210  ;  (17)  251,  270  ;  (19) 

239;  (20)517,532;  (21)  113. 
Candona  acuminatay   (8)  338,  339,  340, 

341,  344 ;  (9)  286  ;  (17)  140,  184,  190. 

ambiguay  (9)  277,  296. 

Candida,  (8)  322,  336,  337,  339,  340, 

341,  343 ;  (9)  273,  276,  282,  283,  284, 


286,  288  ;  (11)  230  ;  (12)  286  ;  (13)  188, 
245,  250,  255  ;  (14)  168,  239 ;  (15)  318, 
321,  333  ;  (16)  252,  257,  260  ;  (17)  140, 
145,  150,  155,  160,  164,  168,  173,  184. 

Candona  comprtssay  (15)  321,  326  ;  (16) 
252;  (17)  140,  164,  184. 

det^ctay  (8)  343. 

diaphanay  (8)  344. 

fab^r/ormisy  (8)  341,  344  ;  (9)  277, 

284  ;  (17)  140,  160,  168,  184. 

hyalinay  (9)  277,  284,  288  ;  (15)  318, 

321  ;  (16)250,  252 ;  (17)  140,  145,  150, 
173   184   191. 

kngsieiiy  (5)  328  ;  (8)  336,  337,  339, 

340,  341,  344  ;  (9)  273,  277,  282,  284, 
286,288;  (11)230;  (13)245;  (14)168; 
(15)  321  ;  (16)  252  ;  (17)  145.  150,  155, 

160,  164,  168,  173,  184. 

lactea.  (8)  339,  340,  343 ;   (9)  273, 

276,  282,  286,  288  ;  (12)  286  ;  (15)  318, 
321  ;  (16)  252 ;  (17)  160,  164,  184. 

Iticensy  (8)  343. 

pubescensy  (9)  273,  276,   282,   286, 

288,296;  (13)245. 

reptansy  (8)  342. 

rosfrafay  (8)  336,  337,  340,  341  ;   (9) 

276,  284  ;  (17)  160,  168,  173,  184. 

simUiSy  (8)  S42. 

CatUharus  linecUuSy  spawning  period  of, 
(4)  244. 

CanthocamptUM  brevipeffy  (11)  235,  236. 

ci-asimsy  (11)  2.35,  236  ;  (20)  505. 

cryptoruniy  (11)  225. 

cmp{d€Uu8y  (15)  319,  320,  323,  330, 

331,332;  (16)258. 

hirticomisy  (13)  188,  244,  251  ;   (14) 

162,  293  ;  (15)  317,  330,  331,  332  ;  (16) 
251,  252,  257,  260 ;  (17)  140,  183,  189. 

itnusy  (20)  457. 

incowtpicuusy  (18)  390 ;  (21)  117. 

inomatusy  (1.5)  319,  320,  323;    (16) 

250,  252;  (17)  144,  145,  150,  165,  159, 

161,  168,  183,  188. 

minutusy  (8)  338,  ^39,  341  ;  (9)  272, 

276,  282,  284  ;  (14)  239  ;  (15)  318,  320 ; 
(16)252,257,260;  (17)  140,  145,  150, 
155,  159,  164,  168,  173,  183,  188 ;  (20) 
605. 

pcdiustrUy  (9)  302;    (14)  239;    (15) 

317. 

parvwy  (14)  162;  (21)  117. 

pygnumsy  (11)  235,  236. 


schmeUiiy   (16)  250,  252;    (17)  140, 

141,  164,  172,  173,  183,  188. 


staphylimiSy  (13)  249;  (14)  167,  168, 
239  ;  (15)  320,  332 ;  (16)  252,  260 ;  (17) 
140,  145,  150,  155,  159,  164,  168,  173, 
183 ;  (20)  505. 

zschokkeiy  (20)  605. 

Canu,  Dr,  (11)  16,  346 ;  (14)  151. 

Canmlla  perplexay  (11)  201  ;   (18)  389 ; 
(19)  245  ;  (20)  625. 

Capelin  (MaUotus  vUlosus)  as  food  for 
cod,  (4)  134. 

attacked  by  squids,  (3)  68. 

Caprella  acanlhtjeray  (6)  250;  (16)  141. 

linearisy  (6)  250;  (15)  141 ;  (18)  402. 

lobata,  (6)  250. 

Beptmtri&nalisy  (18)  402;    (19)  267, 

271  ;  (20)  507,  519. 
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Caprtlln  itibtrcvlata,  (6)  250. 

typica^  (6)  250. 

Capros  aper.     See  Boar-fish. 

Capture  of  immature   fish.     See    Fish, 

immature. 
Capture  and  destruction    of   immature 

fish,  (13)  133. 
Capture  of  immature  fish  by  different- 
sized  hooks,  (13)  133. 
Capulus  hungaricuSf  (15)  120. 
Caranx  trachunts.     See  Horse-mackerel. 
Carcharias  glauciis.     See  Shark,  blue. 
Carcimu  mam€u,  (6)  267  ;  (15)  130 ;  (20) 

507,  633,  634. 

development  of,  (21 )  142. 

effect  of  cold  on  movement  of,  (22) 

125. 

eggs  of,  (21)  138. 

external  sexual  characters  of,  (21) 

160. 

hatching  period  of,  (21)  137. 

impregnation  in,  (22)  101,  107. 

larval  stages  of,  (21)  139. 

megalops  of,  (21)  139. 

moulting  of,  (21)  173. 

rate  of  growth  of,  (21)  163. 

sizes  of  the  different  stages  of,  (21 ) 

162. 
spawning  of,  (21)  138, 174  ;  (22)  118, 

1*20. 

zoeaof,  (21)  139. 

Cardium,  (6)  231  ;  (20)  503,  607,  510. 

echinatum,  (15)  126  ;  (20)  627. 

edide,  (15)  126. 

exiguum,  (15)  126. 

fasciatum,  (15)  126. 

nodosum,  (8)  330 ;  (15)  126. 

papillosum,  (15)  126. 

.     See  olfH)  Ck>ckle. 

Carelojihtui  ascunii.   See  Blenny, YarrelFs. 
Cai-idion  gordoni,  (15)  132 ;  (19)  278. 
Carp  (Cyprinm  carpin),  spawnirg  period 

of,  (4)  252. 
Caryophyllia  smithii,  (15)  163. 
Caseous  tumours  in  muscles  of  hake,  (3) 

76. 
Cassidulina  crassa,  (16)  276. 
Casting  of  edible  crab,  periodicity  of, 

(22)  121. 

of  lobster,  periodicity  of,  (23)  89,  96. 

Cat-fish  {Anarrnichds  Inpits),  (21)  63. 

distribution  of,  (21)  63. 

distribution  of  adult  and  immature, 

(8)  176. 

early  stages  of,  (8)  286. 

eggs  of,  (3)  58 ;   (5)  366;  (9)  263  ; 

(16)91;  (23)252. 

fecundity  of,  (9)  253. 

food  of,  (7)  448  ;  (8)  231,  244,  251  ; 

(9)  232,  2,35,  239,  240  ;    (10)  229  ;    (20) 
312,  486,  500  ;  (21)  220. 

hatching  period  of,  (8)  286. 

mature  and  immature,  (8)  176. 

migration  of,  (21)  64. 

minimum  size  at  maturity,  (8)  161, 

162,  163. 

on  deep-water  grounds,  (21)  23. 

ovaries  of,  (3)  68. 

parasites  of,  (9)  306  ;  (18)  176  ;  (19) 

140:  (23)  114. 


Cat-fish,  proportion  of  males  to  females, 

(8)349;  (10)239. 

rarity  of  small  specimens  of,  (21)  64. 

size  at  maturity,  (10)  238. 

spawning  penod  of,   (4)  246 ;   (7) 

197  ;  (8)  269 ;  (21)  64 ;  (23)  262. 
young  of,  (4)  213. 


Cecrops  kUreiUii,  (9)  306  ;  (18)  167  ;  (19) 

126. 
CeUariafistvlosa,  (16)  166. 
Celleporu  avicularis,  (15)  156. 

ptimicosa,  (15)  156. 

ramulosa,  (15)  156. 

Cenirolabrwf  txolettis,  (4)  223,  232  ;   (16) 

111;  (18)282. 
Centronotiis  gunnellus.    See  Gunnel. 
CeiUropages  hamcWiis,   (4)  149 ;    (6)  237  ; 

(15)  146 ;  (16)  177,  210  ;  (19)  238  ;  (20) 

532,  533. 

as  herring-food,  (4)  125. 

tifpicus,  (4)  149  ;   (6)  237  ;   (16)  146, 

305,  306,  308,  311,  314  ;  (16)  177,  210 ; 

(17)  250 ;  (19)  238  ;  (20)  494,  613,  621. 
(Dephalopods  eaten  by  anglers,  (21)  199. 

eaten  by  king-fish,  (21)  219. 

Cepda  ntbesceiis.     See  Red  Band  Fish. 
Cerapwt  ahditiis,  (6)  249. 

crassicomiSf  (11)  216. 

difformis,  (6)  249. 

Ceralaulina  hergonii,  (15)  214,  298. 
Geratium,  sp.,  (15)  213. 

furca,  (15)  298,  301. 

fastis,  (15)  298,  301. 

longieome,  (9)  280. 

tripos,  (15)  298,  301. 

Ceratoneis  arcus,  (9)  274. 
CerebrcUidus  angulcUtts,  (12)  266. 
Cerianthus  Uoydii,  (10)  266. 
Ceriodaphnia  latieaiidata,  (13)  260  ;  (16) 

321 ;  (17)  160,  168,  184,  191. 

punctata,  (9)  282,  290,  296. 

quadrangulata,  (13)  188,  246,  260; 

(15)  330 ;  (16)  262  ;    (17)  167.  168,  184, 

191. 

reticulata,  (9)  277,  283,  289 ;    (13) 


260 ;  (17)  168,  184. 
rotunda,  (15)  321. 


Cerithiopsis  tuberctUaris,  (16)  119. 
Cernnia  bradui,  (17)  252  ;  (19)  260. 
Cetacea,  development  of,  (6)  302. 
Chabry,  M.,(9)418. 
Cfuetoceros  atlanticus,  (16)  298. 

fHn-enlis,  (15)  214,  298. 

rommiUatus,  (15)  214. 

const  rictus,  (15)  214. 

contortus,  (15)  214. 

criophilus,  (16)  214,  298. 

currens,  (15)  298,  299. 

am^Uetus  (15)  214,  298. 

dehilis,  (16)214. 

decipiens,  (16)  214,  298,  299. 

diadcma,  (16)  214. 

didymus,  {\5)  214, 

peruvianus,  (16)  298,  299. 

seolopendra,  (16)  214. 

septentrioncUis  (16)  214. 

Chatopterus  txiriopedatus,  (16)  169. 
Charopinus  dalmanni,  (9)  310  ;    (18)  109, 

170  ;  (19)  130. 
dubius,  (18)  170  ;  (19)  130. 
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ChiropiuM  ra^notw,  (18)  171  ;  (19)  190. 
Charts  showing  areas  of  North   Sea  in 

connection  with  trawling  statistic^ (20) 

137. 
ChaacanopseUa,  (18)  361. 
Cheirocrates  OMimilin,  (14)  160;  (15)  140; 

(19)  264  ;  (20)  478. 
iniermtdiHA,  (14)  160;  (15)  140;  (18) 

402  ;  (20)  492,  496,  527. 
snudeiralU,  (14)  160  ;  (15)  140  ;  (20) 

478,  523. 
Chemical  composition  of   water  of  the 

North  Sea,  (7)  448. 
CheraphUuA  echimUaiuSj  (15)  132. 

nanus,  (16)  156,  157,  209. 

neglectus,  (4)  155;  (15)  132;  (19)  278. 

Cliicago  Exhibition,  fishery  exhibits  at, 

(13)  338. 
Chinurra  monstrosay  (21)  224. 
ChirolophiH  galerita.      See  Blenny,   Yar- 

rell's. 
Chiton,  (6)  231  ;  (20)  527. 

rinerewf,  (15)  122. 

fascictilaris,  (15)  122. 

marginatua,  (15)  123. 

wiamtoreiw,  ( 15)  123. 

rM/>fr,  (15)  123. 

Chittenden  and  Cummins,  experiments  on 

the  digestibility  of  fish,  (5)  222. 
Chondracanthus  anmUatut,  (18)  164. 

datxUtut,  (18)  165. 

cornutus,  (9)  306  ;  (18)  164. 

depre^i^is,  (23)  114. 

flimf,  (18)  166. 

'limandff,  (18)  167. 

lophii,  (9)  306  ;  (18)  167. 

merluccii,  (10)  262  ;  (18)  166. 

omattus,  (18)   168;    (19)   129;    (20) 

298. 

ao/efF,  (18)  165. 

trighe,  (18)  163. 

zei,  (10)262;  (18)  167. 

Chonioiitoma  hanseni,  (22)  254. 

mirafnltSy  (22)  254. 

ChydoruH  barbatus,  (13)    188,    190,    245, 

250;    (14)    168,   239;     (15)  321,333; 

(16)252,260;   (17)140,   145,  150,155, 

164,  173,  185  ;  (20)  505. 
co'latwt,   (16)252;    (20)   505;    (17) 

140,  145,  150,  155,  168,  173,  185,  201. 
globosiis,  (9)  280,  282,  295  ;  (13)  188, 

250 ;  (14)  239  ;  (15)  330,  331,  333 ;  (16) 

252;  (17)  140,  155,  185,201. 
IcUita,  (14)  168, -239;    (17)  145,   155, 

185,  201. 

muUeri,  (11)234. 

ovaliM,  (13)  188,  190  ;  (15)  321  ;   (17) 

1G4,  185,  201. 
sphi^ricw,  (8)  339,  341  ;  (9)  273,  277, 

282,   284,   295;     (11)  234;    (12)  286, 

288  ;  (13)  188,  245,  250 ;  (14)  168,  239  ; 

(15)  321,  333  ;  (16)  250,  252,  260  ;   (17) 

140,  145,  149,  150,  &c.  ;  (20)  605. 
Cingula  trifaaciata,  (15)  120. 
Ciana  intestiiicUes,  (15)  114. 
Circe  minima,  (8)  331  ;  (15)  126. 
Circulation  of  water  in  Loch  Fyne,  (15) 

262. 
Circulatory  system  in  teleostean  embryos, 

(16)213. 


Cirolana  I>orealis,  (18)  180  ;  (19)  270. 

fipinipes,  (15)  135. 

CirratiUus^  sp.,  (15)  158. 
CUharichihys,  (18)  355,  356. 

sordidus,  (18)  356. 

CUkarus,  (18)  355,  356. 

linguatufa  (18)  356. 

City  of  Edinburgh,  oyster  beds  of,   (14) 

13,  245. 
Cladocera    of    Duddingston    Loch,    (17) 

167,  168. 

of  Firth  of  Forth,  (16)  177. 

ot  Lochs  and  Inland  Waters.     See 

Fauna,  invertebrate. 
Clam  or  scallop  {Pecten),  development  of, 

(8)  15,  290. 
Clam-bait  beds,  (7)  341 ;  (9)  17. 
Clam-beds  of  the  Firth  of  Forth,  (7)  11, 

341  ;  (14)269. 

yield  of,  (10)  17. 

CUrk,  Mr  W.  E^le,  (13)  165. 
Clarkson,  Dr  R.  C,  (5)  221. 
Classification  of  flat  fishes,  (18)  335,  351. 
ClcUhrocystis  rweo-persidna,  (6)  204. 
Clathurella  linearis,  (15)  117. 

purpurea,  (15)  117. 

reticulata,  (15)  117. 

tere^,  (15)  117. 

Clattsia  cliUhtr.,  (18)  396. 

eiongata,  (6)  237. 

Clavetla  cluthm,  (20)  292. 

hippoglo8Mi,  (18)  169  ;  (19)  126. 

iabracis,  (19)  127  ;  (20)  292. 

Cleethorpos,  fish-hatching  at,  (8)  361 . 
Cleland,  Professor,  (4)211. 
Cleta  horrida,  (10)  255. 

lamelli/era,  (6)  240. 

lata,  (10)257;  (21)  191. 

minnticomis,  (10)  255. 

serrata,  (8)  318. 

similis,  (6)  239. 

Cletodes  curvirostris,  (12)250;  (16)  161. 

hirmtipea,  (15)  171  ;  (19)  249. 

irrasa,  (12)  250  ;  (19)  249. 

limicola,  (6)  240  ;   (8)  319  ;  (21)  120. 

linearis,  (11)  204;    (15)   151;    (19) 

249. 
longicaudata,  (8)  319  ;  (15)  151  ;  (20) 

465,  503. 

monensis,  ( 1 9)  249. 

neglecta,  (21)  120. 

perpfexa,  (17)  257  ;  (19)  249. 

proptnqua,  (6)  240  ;  (21)  121. 

sarsi,  (23)  146. 

9imUis,  (13)  168  ;  (16)  268. 

tenuipes,  (15)  170  ;  (17)  256. 

tenuiremis,  (11)  2(^4. 

Cleve,  Professor  P.  T.,  (15)  297. 
Clio  boreaJis,  (7)  325. 

pyramidata,  (19)  236. 

refusa,  (7)  325. 

Clion€  borealia,  (6)  280;  (7)  325;  (16)  155, 

209 ;  (22)  256. 
Close  time  for  crab  fishing,  (18)  140. 
Closed  areas,  physical  characters  of,  (14) 

130. 
Closure    of    waters    to    beam-trawling, 

results  of,  (14)  12,  133. 
Closure  of  areas  ofiGshore,  (14)  148. 
Clupea  alow,.     See  Shad,  allia. 
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Chipea  fiiUa.     See  Shad,  twaite. 

harengxiH.     See  Herring. 

pilchardua.    See  Pilchard,  sardine. 

gpmttu^.     See  Sprat. 

Clupeoidfl,  structure  of,  (5)  257. 
Clyde  mussel-beds,  (10)  17,  194. 
Clymene  amphistoma,  (15)  158. 

gracilis^  (15)  158. 

C/i/peoniscus  hansenij  (14)  165. 
(Doal-fish,   green-cod    or    saithe    {Qadrm 

Hrens),  (18)283;  (21)59. 
anatomical  differences  of,  from  cod 

and  pollack,  (20)  250. 
comparison  between,  and  cod  and 

pollack,  (20)  228,  244. 

development  of,  (12)  19. 

distribution  of,  (21)  59. 

distribution  of  adult  and  immature, 

(8)  176. 

distribution  of  eggs  of,  (15)  243. 

eggs  of,  (10)  287 ;  (11)  242 ;  (14)  171 ; 

(16)91,  114. 
eggs  of,  in  Firth  of  Clyde,  (15)  249 ; 

(17)  82,  83,  84,  93,  96,  103,  106. 

fecundity  of,  (9)  257. 

food  of,  (20)  313,  487,  517 ;  (21)  20. 

food  of  young  of,  (5)  327  ;  (8)  254. 

liabitat  of  young  of,  (5)  326  ;  (21)  60. 

in  Loch  Yyne,  (4)  233  ;  (15)  111. 

mature  and  immature,  (8)  176. 

migrations  of,  (21)  60. 

osteology  of,  (20)  228,  251. 

parasites  of,  (18)  180. 

post-larv'al  forms  of,  (7)  307. 

sexual  proportions  of,  (10)  239. 

spawning  areas  of,  (15)  243. 

in  Dornoch  Firth,  (23)  20. 

period  of,  (4)  247  ;    (7)    195  ; 

(8)  2C8  ;  (10)  232  ;  (15)  243  ;  (17)  97. 

specific  description  of,  (20)  248. 

specimens  of,  stranded  on  beach,  (4) 


209. 


tumour  on  stomach  of,  (13)  236. 


Cobbler.     See  Scorpion,  sea-. 
Cocconevs  pedicnlus,  (9)  274. 

snUeUum,  (9)  274. 

CocMoiltsma  pr<Henue,  (15)  129. 
Cockle-l)eds  of  Barra,  (8)  211. 
Cockle  as  bait,  (7)  328,  352,  356. 

and  its  habits,  (8)  212. 

Cockles,  (8)  19,  215. 

Cod  (Oalus  caliai-ias),  (18)  282 ;  (21)  54. 

age  of,  (19)228. 

anatomical  differences  from  coal-fish 

and  pollack,  (20)  250. 

artificial  fertilisation  of  eggs  of,  (3) 


53. 

—  carbo-hydrates  in  liver  of,  (2)  39. 

—  comparison  between,  and  coal-fish 
and  pollack,  (20)  228,  244. 

—  composition  of,  (5)  228. 

—  cystic  tumour  in  head  of,  (4)  215. 

—  digestibility  of,  (5)  228. 

—  digestion  in,  (2)  39. 

—  distribution  of,  at  various  stages, 
(21)  54. 

distribution  of  adults  and  immature, 


(8)  173. 

distribution  of  eggs  of,  in  Firth  of 


Cod  dried,  in  Spain,  (10)  170. 

eggs  of,  (3)  53  ;  (7)  305;  (8)  284;  (15) 

249  ;  (16)  91,  114,  115 ;  (17)  82-84,  93, 

96,  103,  106. 

Sars'  discovery  that  they  float, 


(16)  88. 


in  Firth  of  Forth,  (15)  221. 


Clyde,  (15)249. 


fecundity  of,  (9)  254. 

fishery  at  Iceland,  (13)  346. 

at  Lofotens,  (13)  339, 

in  Newfoundland,  decline  of, 

(13)  336. 

feeding  on  herring,  (4)  135. 

feeding  on  herring-eggs,  (4)  135. 

food  of,  (4)  134  ;   (7)  227,  234,  235, 

237,  239,  240,  247,  257 ;  (8)  231,  239, 

249,  250,  251,  253,  254,  255,  256 ;  (9) 

235,  237  ;  (10)  215,  224  ;  (20)  307,  308, 

312,  313,  486,  505. 

food  of,  seasonal  change  in,  (4)  135. 

food  of  young  of,  (5)  326  ;  (8)  264. 

fungoid  growths  on  preserved,  (6) 

204. 
growth  of,  in  tanks,  (5)  235 ;   (7) 

404  ;  (19)  228. 
growth,  rate  of,  (5)  243  :  (11)  195  ; 

(15)  176;  (19)  154,  214;  (23)  128,  130, 

137. 

habitat  of  larvaj,  (16)  194. 

habitat  of  young  of,  (5)  326,  (15) 

194. 
hatching  of  eggs  of,  (2)  47 ;  (13)  9, 

123. 
hatching  of,  in  America,  (3)  84 ;  (9) 

401;  (12)394;  (13)337. 
hatching  of,  in  Newfoundland,  (8) 

365  ;  (9)  398  ;  (13)  335. 
hatching  of,   in  Norway,   (5)  235 ; 

(6)  305  ;  (8)  374  ;  (12)  398;  (13)  339 ; 

(17)208. 

hermaphroditism  in,  (13)  297. 

influence  of  temperature  on  hatching 

of,  (5)  242. 

influence  of  temperature  on  growth 


of,  (22)  159,  164,  170. 

—  Ufe-history  of,  (15)  194. 

lines  of  growth  in  otoliths  of,  (23) 


1-28. 


lines  of  growth  in  scales  of,  (23)  130. 

mature  and  immature,  (8)  173. 

migrations  of,  (11)  189  ;  (16)  375. 

migrations  of,  in  relation  to  food, 

(4)  136. 
minimum  size  at  maturity,  (8)  161, 

162,  163. 

nature  of  '•red,*'  (6)  204. 

observations    on   spawning  of,    in 

tanks,  (3)  52. 

osteology  of,  (20)  228,  251. 

parasites  of,  (18)  180,  181 ;  (19)  121, 

149 ;  (23)  108. 

post-larval,  (7)  307. 

proportion  of  immatute,  landed  by 

trawlers,  (22)  19. 
proportion  of  males  to  females,  (8) 

349. 

rearing  of,  (7)  404. 

relation  of  length  to  weight,  (22) 


144,  148,  229. 
sexual  proportions  of,  (10)  239. 
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Cod,  size  of,  at  firat-maturity,  (19)  228 ; 
(22)  158. 

size-limit  between  mature  and  im- 
mature, (22)  18. 

spawning  at  Faeroe,  (23)  33. 

spawning  grounds  of,  (7)  195 


266  ;  (15)  194,  223  ;  (23)  20,  253. 
in  Dornoch  Firth,  (23)  20. 


(8) 


—  spawning  of,  in  autumn  in  North 
Sea,  (23)  253. 

spawning  period   of,   (4)  246 ;    (7) 


195 ;  (8)  266  ;  (10)  232,  234  ;  (15)  222  ; 

(17)  97  ;  (19)  227  ;  (23)  253. 

specific  description  of,  (20)  248. 

tumour  in,  (10)  324. 

varieties  of,  (7)  404. 

voracity  of,  (4)  134. 

with  one  eye,  (11)  294. 

young,  caught  by  bag-net  fishing, 

(23)  157. 
young,  not  common  on  deep-water 

grounds,  (19)  289. 
Oelenterata,  pelagic,  of  Firth  of  Forth, 

(16)  194. 
Cold,  influence  of,  on  fishes,  (9)  420. 
Coleoptera,  (8)  339  ;  (9)  273. 
CoUocheres  gracilicauday  (19)  252. 
Colour,  change  of,  in  fishes,  (3)  69. 
Comber.     See  Serranus  caJbriUa. 
Common  dab.     See  Dab,  common. 

eel.     j^ee  EJel,  common. 

gurnard.     See  Gurnard,  grey. 

mussel.     See  Mussel,  common. 

sole.     See  Sole. 

Comparative  abundance    of  young  and 

ola  fish  at  different  seasons,  (6)  8. 
Comparative  growth  of  round  fishes  and 

flat  fishes,  (20)  334. 
Comparison  of  amounts  of  fish  landed  by 

line  fishermen  and  beam -trawlers,  (6)  7. 
Composition  of  flesh  of  salmon,  (5)  222, 

228,  2-29. 
Conchitcea  elegajis,  (20)  476,  517. 
Conchoderma  auritum,  (6)  236. 

tnrgata,  (6)  236. 

Configuration  of  the  sea  on  the  north- 
west of  Scotland,  (6)  350. 
Conger-eel  {Conger  tmlgariM)^  (15)  113; 

(18)  288. 

eggs  of,  (9)  392. 

fecundity  of,  (9)  243. 

food  of,  (20)  308,  313,  487,  534. 

parasites  of,  (18)  160,  180 ;  (19)  127. 

reproduction  of,  (9)  392 ;  (10)  236. 

spawning  period  of,  (4)  253  ;  (9)  392. 

young  of,  (22)  281  ;  (23)  251. 

Conger  niger.     See  Conger-eel. 
Congertcdla  pallida,  (18)  160;  (19)  127. 
Contothecium  beriherandi,  (6)  205. 
Contemporary  fishery  work,  (6)  276 ;  (7) 

384;  (8)  359;  (9)  388;  (10)  326;  (11) 

486;  (12)383;  (13)332. 
Co-operation  in  mussel-growing,  (7)  340. 
Copepoda  as  food  for  herrings,  (4)  102, 

124. 

of  youna;  lobster,  (23)  67. 

effect  of  variations  in  salinity  on, 

(17)118. 

eggs  of,  (8)  363. 

food  of,  (15)  216. 


Copepoda  of  Loch  Fyne,  (4)  147  ;    (15) 

145 ;  (16)  264. 
of  Looh  Fyne,  seasonal  abundanoe 

of,  (4)147;  (17)114. 
of  Loch  Fyne,  vertical  distribution 

of,  (17)116. 
of  Lochs  and  Inland  Waters.    See 


Fauna,  invertebrate. 

—  of  the  English  Channel,  (7)  335. 

—  parasites  of  fishes,  (18)  145,  179 ; 
(19)  121. 

parasite  of  lobster,  (19)  255. 


parasitic,  (20)  288  ;  (23)  108. 

relation  of  temperature  to  abund- 
ance of ,  (17)  114. 

volumetric  determination    of,   (17) 

112. 

Corbtda  gibha,  (15)  128 ;  (20)  503,  510. 

Coregoniia  poUan.    See  Pollan. 

vandesiua.    See  Vendace. 

CoreUa  parailelogramma,  (15)  114. 

Corethroii  hysfrix,  (15),  298,  299. 

Corisjnlis,    See  Wrasse,  rainbow. 

Comuspira  foliacea,  (7)  311  ;  (15)  165. 

involveiiSy  (16)  274. 

planorbis,  (7)  311. 

tftnolata,  (7)311. 

Cornwall  Sea  Fisheries  (Committee,  (13) 
10. 

Corophium  affine,  (19)  266  ;  (20)  479,  511. 

honeUii]  (6)  249  ;  (15)  141. 

crasnconie,  (6)  230,  249 ;    (14) 


(15)  141. 
grossipeSt 


492,  507,  525,  527. 

—  longicome^  (6)  249. 

—  apinieome,  (6)  249. 
tenuicomet  (6)  249. 
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(6)  249;    (19)  266;    (20) 


Corycmu  anglicus,  (14)  163;    (18),  397  ; 

(19)  251. 
CoryMes  cassivelaunus,  (6)  257  >  (18)  404. 
Coscinodiftcfis  aHguste-lintatus,  (15)  299. 

concinnuSf  (15)  214. 

curvatuhts,  (15)  299. 

excentricuSf  (15)  214. 

minor,  (15)  299. 

oculus  iridis,  (15)  300. 

radiatiu,  (15)  214. 

Cotttts,  young  stages  of,  (9)  323. 

lon^-spined  {Cottua  buhaiU),  (4)  232; 

(15)110;  (18)275. 

eggs  of,  (16)91. 

fecundity  of,  (9)  249. 

size  at  maturity,  (10)  238. 

spawning  period  of,  (4)  244. 

Itlljehorgii.    See  Bullhead,  Norway. 

acorpius.     See  Scorpion,  sea-. 

Couch's  whiting.     See  Whiting,  Couch's. 
Couper,  Mr  Wm.,  (8)  23;    (9)  21,  177: 

(10)23,  188;  (11)24. 
Crab  and  Lobster  Act,  (18)  139. 
Crab  as  l>ait,  (18)  140. 

digestibility  of,  (5)  228. 

edible  {Crangon  pagurus),  (6)  256  ; 

(15)  130  ;  (20)  534. 

berried  females,  (18)  79. 

casting  of,  (18)  83,  104. 

changes  in  carapace  of,  (22)  196. 

characters  of  mature  female. 


(18)  79. 


of  the  Fishery  Board  Jor  Scotland, 
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Crab,  edible,  coDtributions  to  life-history 

of,  (22)  100 ;  (23)  154. 

description  of  eggs  of,  (18)  88. 

description  of  swimmerets  of, 

(22)  110. 
development  of  ovary  of,  (18) 

* distribution  of,  (18)  113;    (22) 

122. 
eflfect  of  cold  on  movements  of, 

(22)  125. 
external  sexual  characters  of, 

(18)  99. 

exuviation  in,  (18)  104. 

frequency   of  casting   in,  (18) 


109. 


—  fry  of,  (23)  154. 

fry,  vitality  of,  (23)  154. 


hard  and  soft,  (18)  102,  105. 

hatching  of,  (21)  181 ;  (23)  154. 

impregnation  in,  (22)  101. 

increase  of  size  in  casting,  (18) 

110. 

life-history  of,  (18)  77. 

migration  of,   (18)   119,    125; 

(22)  135. 
mode  of  attachment  of  eggs  in, 

(22)  108,  115. 

muscular  system  of,  (22)  103. 

number  of  eggs  of,  (18)  89. 

periodicity  m   spawning    and 

casting  in,  (22)  121. 
period  of  hatching  of  eggs  of, 

(IS)  88. 
process  of  fertilisation  in,  (18) 

82. 
process  of  hardening  in,  (18) 

107. 
proportional    numbers  of  the 

sexes  in,  (18)  99. 

rate  of  growth  of,   (18)  113; 


(22)  125. 
111. 


regeneration  of  limbs  in,  (18) 

regulation  of  fishery  for,  (18) 

77.  134. 
relation  of  migrations  of,   to 

temperature,  (18)  124. 

repair  of  injuries  in,  (18)  111. 

ripe  effgs  of,  (22)  112. 

size  oiTat  maturity,  (18)  79. 

spawning  of,  (18)  85,  88  ;   (22) 

108. 

spermatheca  of,  (22)  106. 

statistics  of  fishery  of,  (18)  134. 

zoea  of,  (18)  88. 

shore.     See  Carcinus  numaa, 

Crangon  aJlmamii,  (6)  260  ;  (15)  132 ;  (16) 

156,  210 ;    (20)  489,  491,  610,  613,  616, 

620,  622,  523,  624,  526,  636,  636. 

bispiiiosuSf  (6)  260. 

foMciafus,  (4)  156  ;  (9)  309. 

nanus,  (6)  260 ;  (20)  480,  622. 

negledus,  (4)  155  ;  (9)  309. 

i*ttigarui.     See  Shrimp. 

Crania  anomala,  (15)  129. 
Crenilahnis  melops.     See  Goldsinny. 
Cressa  dubia,  (10)  262;    (16)   139;    (17) 

265. 
ftchiodteiy  (10)  262. 

N 


Crihella  ocidata,  (20)  310. 

madreporite  of,  (6)  280. 

spawning  period  of,  (4)  216. 

Cribropontius  normanif  (20)  472. 
Crviia  de/iUiciUaia,  (16)  157. 

ebnmeaf  (15)  167. 

CristateUa  muceda,  (14)  239,  242;    (16) 

318. 
CruUeUaria  cafcar,  (7)  314. 

crepidxda,  (7)  314;  (15)  166. 

rotvJata,  (7)  314 ;  (15)  166. 

Cromarty  Firth,  echinoderms  of,  (20)  304. 
physical  and  chemical  examination 

of  the  water  of,  (6)  313,  320,  336. 

trawling  investigations  in,  (20)  93. 

Cromarty,  trawling  investigations  off,  (21) 

17  ;  (22)  21,  43,  47. 
Cross-fertilisation  of  fish,  experiments  in, 

(8)  358. 
of  grey  gurnanl  with  whiting,  (8) 

358. 

of  lemon  dab  and  turbot,  (8)  358. 

of  lumpsucker  with  flounder,  (8)  368. 

Cross-fish.     See  Asterias  rubena. 
Cruise  of  the  "Jackal,"  (7)  412. 
Ouisers,  duties  in  reporting  vessels  fish- 
ing, (20)  89. 
Crustacea  as  food  of  cod,  (4)  136,  146. 

as  food  of  haddocks,  (4)  129. 

decapod,  life-history  of,  (22)  100. 

mode  of  attachment  of  eggs  in, 

(22)  1 16. 


of  Firth  of  Forth,  (16)  166. 
relation  of  yolk  to  size  and  de- 
velopment of  zoea,  (19)  114,  116. 
from  Clyde  and  Moray  Firth,  (17) 


248. 

larval  staffes  of  decapod,  (19)  92. 

larval  ana  young  of  Firth  of  Forth, 

(16)  197. 

notes  on,  (18)  382. 

of  brackish  water,  (16)  317. 

of  Firth  of  Clyde,  (16)  277. 

of  Firth  of  Forth,  (6)  235. 

of  Loch  Fyne,  (15)  129  ;  (16)  292. 

of  Loch  Lomond,  (17)  )39. 

of  plankton  collected  by  ''Garland," 

(16)  156. 

parasites  of,  (22)  250,  264. 

peUi^ic  eggs  of,  (17)  114. 

significance  of  metamorphosis  in  the 

higher,  (19)  115. 
Crustacean  parasites  of  fishes,  (18)  144 ; 

(19)  120  ;  (20)  288. 
Cryptothiria  balani,  (6)  261 ;  (16)  136. 
Crystallogobiua  in  Clyde,  (16)  262. 

in  Mora;r  Firth,  (16)  267. 

nilssonit,  post-larval  form  of,   (13) 

232. 
Ctenolabrti*  rupeatris.       See  Goldsinny, 

Jago's. 
Ctenophora  of  Firth  of  Forth,  (16)  194, 

196. 
of   Faeroe-Shetland   Channel,    (15) 

307,  308,  309,  310. 
Cuckoo  ray.    See  Ray,  cuckoo. 
CucumariafrofidoM,  (20)  306,  319,  321. 

fucicOa,  (20)  306,  319,  324. 

hyndmani,  (16)  162. 

ladea,  (20)  306,  819,  324. 
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Cticumaria  pentodes,  (15)  162. 

Culture  of  sea-fishes,  (10)  15,  326,  333, 

336,  340,  342,  343,  346. 
Cuma  UUa,  (4)  165. 

cercaria,  (4)  165. 

edimrMi,  (6)  253  ;  (18)  403. 

jndcheUa,  (8)329  ;  (17)267  ;  (19)236. 

trxspinoaa,  (6)  253. 

CumeUapygmafa,{\b)\^\  (17)267;  (18) 

403;  (19)274;  (20)480. 
Cumopsis  edicardMi,  (18)  403. 

goodnri,  (6)  263 ;  (16)  167,  209. 

l<mgipes,  (18)  403. 

Cunningham,   Mr  J.    T.,   (6)  298;     (7) 

385,  386 ;   (8)  351  ;   (9)  243,  319,  390, 

392;  (10)  162,  169,  211,  238.  327;   (U) 

194,  196,  239,  265,  489 ;  (23)  125. 
dhirrents  and  the  transport  of  pelagic 

eggs,  (14)  16  ;  (15)  337,  367. 
and  their  relation  to  spawning  areas, 

(15)  337,  374. 

cause  of  movements  of  surface,  (15) 


356. 


—  direction  of,  in  Moray  Firth,  (15)343. 

—  direction  of,  on  east  coast  of  Scot- 
land, (15)  346. 

direction  of  surface,   in   Shetland- 


Orkney  area,  (15)  340. 
effect  of,  in  drifting  pelagic  eggs, 

(17)  119. 

eflfect  of  wind  on  surface,  (15)  356. 

effect  of  tides  on  surface,  (15)  360. 

influence  of,   in    transporting    fish 

larvffi,  (15)  368. 
of    Faerdo-Shetland    Channel,  (15) 

287,340. 
of  North  Sea,  direction  and  rate  of, 

(12)351;  (15)11,334,338. 

of  North  Sea,  reversal  of,  (15)  361. 

of  North  Soa,  seasonal  variations  of, 

(15)  355. 
rate  and  depth  of  surface,  in  North 

Sea,  (15)  364. 
relation  of,  to  migrations  of  fishes, 

(15)  375. 

surface,  relation  of,  to  fisheries,  (15) 


367. 
Cuspidaria  abhrcmata,  (16)  129. 

rostellata,  (15)  129. 

cwtpidata,  (15)  129  ;  (16)  156,  209. 

Cuttle-fish,  damage  to  fish  by,  (10)  208, 

299. 
Cyclkhna  alba,  (20)  510. 
Cyclocypris  gtobosa,   (8)   336,   337,  340- 

342;  (9)282;  (11)230;  (12)286;  (13) 

250;    (14)   168,    169;    (15)   321;    (16) 

252 :  (17)  140,  145,  150,  155,  173,  183. 
Ictvis,  (15)  321,  333  ;   (16)  252  ;  (17) 

140,  145,  150,  155,  164,  168,  183. 
serena,  (15)  317,  321,  326,  333;  (16) 

252 ;  (17)  140,  145,  150,  155,  &c. 
Cyclogaster  liparU.    See  Sea-snail. 

monta4jfui.     See  Sucker,  Montagu's. 

Cyclopicera  gracilicauda,  (6)  242 ;    (10) 

262;  (11)209,210. 

lata,  (11)  210. 

nigripes,  (4)  164 ;  (6)  242 ;  (10)  267  ; 

(11)209,210;  (17)262. 
piirpHrocirUa,   (11)  209,   210;    (17) 

262;  (18)400. 


Cydopina  elegans,  (12)  237. 

graHlis,   (12)  237  ;   (15)    148  ;    (18) 

386  ;  (19)  240. 

littaralis,  (6)  238  ;  (15)  148. 

langi/urcala,  (19)  236,  240. 


Cyclops  (Bquoreus,  (6)  238  ;  (9)  288  ;   (15) 

317. 
affinis,  (9)  275,  276 ;  (12)  288 ;  (13) 

244,  249;  (16)  320,  332;  (17)  141,  150, 

183   187. 
albidus,  (14)  168,  169 ;  (15)  330, 332 ; 

(16)251,257,  260;  (17)  138,  139,  144, 

145,  &c.  ;  (20)  505. 

bicolor,  (16)  250,  251. 

bicuspidatus,   (13)   188,    244;     (14) 

168,  169  ;  (15)  317,  320;  (17)  140,  150, 

155   159  &c 
Cyclops  bisetosus,  (15)  317,  320 ;  (16)  250, 

251  ;  (17)  140,  145,  155,  164,  168,  173, 

183. 

brevicomia,  (18)  389. 

rra*?tcomw,  (8)  338,  339 ;   (9)  272, 

276,  282.  283,  284. 

dybowHhii,  (17)  140,  141,  183,  186. 

ewartii,  (6)  232,  238  ;  (11)  223. 

fimbriaius,  (11)  225  ;  (12)  286  ;  (13) 

188,  244,  249  ;  (14)  168,  239  ;  (15)  320, 

332;  (16)251,260;  (17)  140,  144,  145, 

148  ;  (20)  505. 
fusais,  (16)  251  ;  (17)  145,  150,  165, 

173,  183. 

fl^cw,  (8)336. 

kavfmanni,  (11)  224. 

languidus,  (17)  173,  183,  186. 

leuckarti,  (15)  320,  322;  (17)  138, 

139,  153,  183,  186. 
macrurua,  (12)  286  ;  (13)  249,  251 ; 

(14)  168,  169;  (15)320;  (17)  144,  145, 

164,  183,  186. 

magnotavus,  (12)  286. 

nanwi,  (17)  172,  173,  183,  186. 

phaXerat%ui,{^)  276;  (13)  249;   (16) 

320;  (17)159,  168,  183,  187. 

ptdchellw,  (8)  338. 

gerrulatus,   (8)  341  ;    (9)  272,  276, 

282-284,  286 ;  (11)  223  :  (12)  286,  287 ; 

(13)  244,  249  ;  (14)  168,  239  ;  (15)  320, 

332;  (16)  251,  260;  (17)  140,  145,  149, 

150,  &c.  ;  (20)  605. 

signaius,  (12)  286,  288  ;    (13)    188, 


244  249. 
itrenuus,  (8)  336  ;  (9)  272,  279, 283 ; 

(12)  286  ;  (13)  188,  244  ;  (14)  168,  239 ; 

(15)  320,  332  ;  (16)  251,  257,  268,  260 ; 
(17)  138,  139,  144,  &c. 

tenuicomis,  (9)  276,  282,  283. 

thomasi,  (9)  276, 279, 284 ;  (12)  288 ; 

(13)  249,  251. 

txtricans,  (15)  319,  320,  322. 

vemaliti,  (14)  168,  169;   (16)  320; 

(16)  251,  258,  260;  (17)  140,  160,  165^ 

viHdis,  (9)  276,  283,  286,  288  ;  (11) 

223  ;  (12)  286,  288  ;  (13)  188,  244,  249 ; 

(14)  168,  239  ;  (15)  320,  332 ;  (16)  251  ; 

(17)  138,  139,  144,  145;  (20)  505. 
Cydxypaetta,  (18)  356. 
(^dopsina  lacimdata,  (17)  251. 
Cydoptertis  lumpua.    Set  Lumpsuoker. 
Cydostrema  nitens,  (16)  121. 


of  the  Mshery  Board  far  Scotland. 


191 


Cyclotella  operculataj  (9)  274. 
Cycims  imliidxvs,  (18)  160  ;  (19)  127. 
Cylichna  cytindracea^  (15)  115. 

vitiduta,  (9)  309. 

CyliiidrolehtriH  ?nariir.,  (8)  325. 
Cylindropsyllus  fairlieiutis^  (17)  258. 

Uvms,  (8)  320;   (10)  258;   (15)  151; 

(20)  468. 

minor,  (10)  260  ;  (18)  394. 

Cyimaiopleura  soiea,  (9)  274. 
CymboHoma  rigida,  (7)  316  ;  (8)  332 ;  (9) 

304 ;  (22)  2^. 
Cymhella  awjlica,  (9)  274. 

cUtiUa,  (9)274. 

cymhij'ornmj  (9)  274. 

Cynoglomimp,  (18)  351,  352,  358,  359. 
Cyuoglosffus  semilcF.ns,  (18)  359. 
Cynthia  armata,  (4)  162 ;  (7)  323. 

fl^mingii,  (4)  162 ;  (6)  255. 

Cypria  excuJpta,  (8)  3.38,  340,  341 ;   (9) 
'272,  276,  284,  286 ;  (15)  321  ;  (17)  155, 
159,  164,  173,  183,  189. 

l<EvU,  (9)  276,  283,  286,  288 ;  (13) 

188,249;  (16)260. 

ophlhalmica,  (8)  336,  337,  338.  340- 

342  ;  (9)  272,  276,  282-284,  286,  288  ; 
(11)  230  ;  (13)  188,  245,  249  ;  (15)  321, 
333  ;  (16)  252  ;  (17)  140,  145.  150,  155, 
159,  164,  168,  183 ;  (20)  505. 

strtna,   (8)  336,  337,  840-342;  (9) 

272,275,  276,  282-284,  286-288;   (11) 
229,  230  ;  (12)  286  ;  (13)  188,  245, 250  ; 
(14)  168;  (16)259,260. 
Cypridina  marice,  (8)  325. 
CypridopsiH  aciUeata,  (9)  283,  286  ;  (13) 
245;  (15)318. 

ncwtoni,  (17)  160,  183. 

o/>e*z,  (8)  343. 

mdua,  (8)  339-341,   343;    (9)   272, 

276,  282,  28.3,  286  ;  (13)  188,  245,  250  ; 
(14)239. 

vWosa,  (8)  336,  337,  339-341,  343 ; 

(9)  272,  276,  282-284,  286,  288;   (13) 
188,245;  (14)239;  (15)321,333;  (16) 
252,  260  ;  (17)  140,  160,  164,  173,  183. 
Cyprimiy  8p.,  (20)  527. 

iMhindiea,  (7)  317,  341  ;  (15)  126. 

CyprinotuH  pratfinnH,  (15)  31H. 
Cyprinuji  carpio.     See  Carp. 
Cypria  iwnmitiata,  (8)  344. 

affiim^  (8)  342. 

browniaiui,  (5)  328.  330. 

Candida,  (8)  343  ;  (11)  230. 

cinerea,  (5)  328  ;  (8)  342;  (11)  230. 

comprcsm,  (8)  342,  344 ;  (11)  230. 

tlongata,  (8)  343. 

exHc.ulpta,  (8)  341. 

fabce/ormut,  (8)  344. 

fiisca/a,  (9)  286  ;  (13)  245, 250  ;  (17) 

164,  173,  183. 

(/»6//a,  (8)  344. 

globom,  (8)  342  ;  (11)  230. 

qranulwa,  (8)  341. 

incongntew,  (9)  282 ;  (17)  159,  183, 

189. 

juriniiy  (5)  328  ;  (8)  343. 

/<m«,  (8)  342  ;  (11)  230. 

obiiqua,  (9)  276,  280,  282  ;  (14)  168  ; 

(16)252  ;  (17)  140,  155,  183,  189. 
oniata,  (8)  343. 


Cyprisprcutina,  (9)  285,  286,  288. 

pubera,  (9)276;  (17)  159,  161,  167, 

168,  183,  189. 

retinUatu,  (8)   339,    340,   342;    (9) 


284;  (15)319,321. 

reptaiis,  (8)  342. 

Hella,  (8)  343. 

Serena,  (8)  342  :  (11)229. 

atriolaia,  (8)  341. 

strigata,  (8)  342. 

tesHtUaia,  (8)  342. 

tume/acta,  (5)  328  ;  (8)  343. 

vidua,  (8)  343. 

virena,  (5)  328;  (9)  286;   (14)  168, 

239;  (17)164,  183. 

nVcTw,  var.  monolijera,  (5)  329. 

toeatwoodii,  (8)  343. 

Cyproidia  brevirostris,  (18)  401. 

dumnanienma,  (15)  13iB  ;  (18)  401. 

Cyprois  fiava,  (17)  168,  183,  190. 
Cyriaiuissa  elegajut,  (4)  164. 
Cyrtophium  tuberculatum,  (19)  266. 
Cythere  albomacnlata,  (6)  243  ;  (15)  142. 

angiUata,  (6)  243  ;  (16)  143. 

antiquata,  (6)  243  ;   (15)  143  ;   (20) 

497. 

auraniia,  (7)  318. 

casfanea,  (7)  317. 

diilhcB,  (5)  328  ;  (11)  142. 

con^inna,  (6)  243  ;    (15)   143 ;    (20) 

503  523. 
con/um,  (7)  317  ;  (9)  288  ;  (16)  142  ; 

(20)  527. 

comr^a,  (6)  243  ;  (16)  142. 

crvipata,  (6)  243  ;  (15)  142. 

cuneiformis,  (7)  317. 

cyamos,  (6)  243. 

dunelmensia,  (6)  243 ;  (16)  263 ;  (20) 

503,  511,  523. 

emnciata,  (16)  263  ;  (20)  603. 

emarginata,,  (16)  263. 

-finmarchim,  (8)  321  ;  (20)  603. 


gibbom,  (9)  288,  307  ;  (16)  142,  318. 

imprtsHa,  (7)  317. 

inflata,  (19)  256. 

jone^tii,  (6)  243  ;  (15)  143;  (20)  637. 

limicola,  (6)  243 ;  (20)  623. 

hUea,  (6)  242 ;  (15)  142  ;  (20)  620. 

margincUa,  (15)  142. 

minna,  (19)  267. 

myti/oides,  (7)  316. 

namcula,  (7)  317. 

peUucida,  (6)  242  ;  (7)  317  ;  (9)  286, 

288;  (16)318;  (20)626. 

porcellanea,  (15)  142,  (20)  603,  617. 

p\Uchella,  (8)  325. 

qiMdrideniata,  (6)  243  ;  (16)  263. 


robert8<mi,  (6)  243  ;  (16)  142. 

semioiHUa,  (8)  321. 

semipunctata,  (6)  328  ;  (7)  317  ;  (16) 

142. 

tentra,  (6)242;  (16)263. 


tubtrcu/ata,  (6)  243  ;  (15)  143 ;  (20) 

503,  611.  617. 

ventricosa,  (7)  317. 

tnUoMi,  (6)  243  ;  (15)  143. 

viridia,  (6)  243  ;  (8)  321. 

whUei,  (8)  321  ;  (16)  263. 

Cythereia  whitei,  (8)  321. 
Cytherdla  abyMorum,  (19)  267. 
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Cytherdla  htyrichi,  (19)  267. 

ticotica,  (19)  267. 

Cytheridea  elongata,  (6)  243. 

lacustris,   (9)  272,  273;   (13)    188; 

(14)239  ;  (16)  330,  333  ;  (17)  140,  164, 

184,  191. 
papulosa,   (6)   243;    (16)  143 ;  (20) 

497  603. 
puii^iUlata,  (7)317;  (16)  143;  (20) 

603. 

subflavMcens,  (6)  328  ;  (15)  143. 

torotia,  (9)  288  ;  (15)  318. 

CytherideU  mibulata,   (6)  328 ;  (6)  245 ; 

(20)  603. 
CythtroisJUchtri,  (8)  324  ;  (16)  264. 
dytheropteron  cUaiumy  (16)  144. 

arigulatum,  (6)  328;   (7)  318 


144. 

arcuatum,  (16)  264. 

depresgum,  (7)  318. 

humUe,   (12)  262;    (15)   144; 


(15) 


(30) 


617. 

—  in/kUunif  (15)  144. 

latuutimum,  (6)  244;  (15)  144;  (20) 


497,  511. 
-; —  mtdti/ontm,  (8)  321. 

nodosum,  (6)  244  ;  (16)  144. 

punctatum,  (8)323;  (16)  144. 

suhcircinatum,  (7)  318. 

Cytherura  acuticostata,  (6)  244  ;  (8)  323  ; 

(15)  144. 

affinis,  (8)  322. 

angtdaia,  (6)  244  ;  (16)  144. 

hodotria,  (8)  322. 

celMosa,  (6)  244  ;  (15)  144. 

dathrata,  (6)  244  ;  (16)  264. 

comiUa,  (8)  322  ;  (15)  143. 

cuneata,  (6)  244. 

JlavescenSf  (6)  244. 

fiUva,  (8)  323. 


gibha,  (8)  322  ;  (9)  288  ;  (15)  143. 

inaolita,  (6)  244. 

lineata,  (8)  322. 

mucrotuita,  (8)  323. 

nii/rescens,  (9)  288  ;  (15)  144. 

prodncta,  (7)318;  (16)  144. 

quadrata,  (6)  244. 

robertsonif  (8)  322. 

aarsii,  (8)  323. 

sella,  (15)144. 

similis,  (7)  318  ;  (15)  144  ;  (20)  501. 

Rimpltx,  (8)  323  ;  (16)  263. 

striata,  (6)  244  ;  (15)  144. 

undata,  (6)  244  ;  (16)  144. 


1) 


Dab,  common  {PUuronectes  limanda),  (15) 

112  ;  (18)  286. 

age  of,  at  maturity,  (20)  371. 

distribution  of,  (21)  44. 

distribution  of  adult  and  immature, 

(8)  170. 

distribution  of  eggs  of,  (16)  238. 

distribution  of  post-larvie  and  young 


of,  (16)  244. 
duration  of  pelagic  stage  of,  (20) 

361. 
eggs  of,  (7)  304  :  (8)  286  ;  (16)  91, 

114;  (17)  82-84,  93,  9f},  104,  106. 


Dab,  common,  eggs  of,  in  Firth  of  Clydey 
(16)  250. 

eggs  of,  intraovarian,  (16)  96. 

egff  resembling  that  of,  (11)  243. 

embryo  of,  (16)  216. 

fecundity  of,  (9)  205. 

food  of,  (7)  225,  232,  236,  236,  237, 

238,  239,  243,  253,  267 ;  (8)  230,  235, 
246,  250,  261,  262,  263,  254,  256;  (9) 
224,  233,  236,  238,  241 ;  (10)  213,  218, 
221,  230 ;  (20)  306,  312,  313,  487,  526. 

growth  of,  (11)  194,  265 ;  (20)  335, 

360,  370. 

growth,    relative,   of   females  and 

males,  (20)  371. 

increase  in  numbers  of,  (14)  146. 

mature  and  immature,  (8)  170. 

migrations  of,  (11)  187. 

minimum  size  at  maturity,  (8)  161, 

162,  163. 

on  deep-water  grounds,  (21)  45. 

parasites  of,  (18)  160,  167. 

post-larval  stages  of,  (7)  307  ;  (16) 

225,228. 

proportion  of  immature,  landed,  (22) 


18. 
proportion  of  males  to  females,  (8) 

349. 
relation  of  length  to  weight,   (22) 

144,  212. 

sexual  proportions  of,  (10)239. 

sizes  of,  (14)  143. 

size  at  maturity,  (lU)  238. 

size-limit  between  mature  and  im- 
mature, (22)  18. 
spawning  areas  of,  (7)  189 ;  (15)  238; 

(23)20. 
spawning  period  of,   (4)  251  ;    (7) 

189;  (10)234;  (15)238;  (17)98;  (20) 

360 ;  (21)  45. 

young,  date  of  appearing  of,  (16)  244. 

young,    diagnostic    characters    of, 

(16)  228. 

Dab,  lemon  {Pleuronectes  microcepKalua), 

(15)  112;  (18)353;  (21)46. 
cross-fertilisation  of,  with  tnrbot, 

(8)  359. 

decrease  of,  (14)  12,  146. 

development  of,  (9)  327. 

distribution  of,  (21)  46. 

distribution  of  adult  and  immature, 

(8)  168. 

distribution  of  young  of,  (21)  47. 

duration  of  post-larval  stage  of,  (22) 

271. 

dwarf  mature  specimens,  (21)  48. 

eggs  of,  (8)  285 ;  (16)  91,  114,  115; 

(17)  83,  84,  93,  96,  106. 
experiments   in    breeding   of,    (14) 


151. 

fecundity  of,  (9)  264. 

food  of,  (7)  224,  234,  238,  239,  242 ; 

(8)  230,  234,  249,  250,  252,  25S,  255, 

256 ;  (9)  223,  235,  236,  238-241 ;  (10) 

313,  220  ;  (20)  306,  313,  625. 

ffrowth  of,  (11)  196,  271. 

hatching  experiments  with,  (16)  219. 

hatching  of,  (12)  11 ;  (14)  151. 

mature  and  immature,  (8)  168. 

migrations  of,  (11)  187  ;  (21)  46. 
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Dab,  lenioD,  minimuin  size  at  mat4irity, 

{S)  161,  162,  163. 

on  deep-water  grounds,  (31)  40. 

paraaitei  of,  (ll)  165,  180. 

po«t-larval  bU^b  of,  (16)  235,  236. 

proportion  of  immature,  landed  by 

trawlers,  {22)  19. 
proportion  of  malea  to  females,  (8) 

H9. 
rearing  of  larvic  and  poat-larvEe  of, 

(16)  ra. 

relation  of  lensth   to  weight,  (22) 

144,  208. 

sexual  proportionB  of,  (10)239. 

Bizeaof,  (14)  143. 

— —  size  of,  at  maturity,  (10)  238. 

sizes   of,    on   deep.wat«r  grounds, 

(21)  47. 

size-limit  between  mature  and  im- 
mature, (22)  IS. 

spawning  period  of,  (4)  251 ;  (7)  188, 

387  ;  (8)  261 ;  (10)  234  ;  (17)  98  ;  (21) 
46. 


soidtJt),  (18) 
abundance      of,      on      deep-water 

(fTuunds,  (19)  64,  290;  (21)  223. 
distribution  of  adult  and  immature, 

(8)  170. 

eggs  and  larvu  of,  (13)  14,  220. 

eggs  of,  (8)  285 ;  (9)  319,  320 ;  (16) 

91,  114:  (17)  82^84,98. 

eggs  of,  in  Firth  of  Clyde,  (16)  248. 

fecundity  ol         261. 

food  of,  (7)  232,  236,  237,  238, 

244,254;  (8)  2^Mt'236,  247,  250,  251, 

252.  253,  254,  .IH  256 ;  (9)  225,  234, 

236-238,  241  ;  (       214,  218,  222,  2.10 ; 

(20)311,313,487,      1;  (21)223. 

growth  of,  (16)^j  (20)  372. 

growth   of,  comparison   of  rate  in 

diferent  regions,  (20)  385. 

inXxiehFyne,  (16)  112;  (18)362. 

inereose  in  numbers  of,  (14)  146. 

—    - -;»  of,  (20)  380,  381, 


minimum  size  at  maturity,  (8)  161, 

162,  163. 

parasites  of,  (18)  166. 

post-larral  stages  of,  (18)  226,  236. 

' proportion  of  male*  to  females,  (8) 

340  ;  (10)  239. 
relation  of  length  to  weight,  (22) 

144,  198,  222. 

sexual  proportions  of,  (10)  239. 

Biie  at  maturity,  (10)  239. 

sizes  of,  (14)  143. 

spawning  areas  of,  (7)  172,  ftc. 

spawning  period   of,   (4)  250 ;    (7) 

172,  191  ;  (8)264;  (10)234;  (17)08. 
DaHyliowUn  anlarftieim,  (15)208,  300. 
—  mtdilerraneuf,  (15)  298,  300. 
DfKlyloeolyU  poSachn,  (IS)  140. 
natlylopiu  brti-komu.  (9)  303  ;  (21)  128. 
coroiui/TU,  (12)256;    (20)468;    (21) 

128. 
tfanu,  (9)  302 ;    (11)206,  20«i   (16) 

162;  (21)128. 
/iMoro^M,  (21)  124. 


Dactylopiu  longirotlrit,  (21)  126,  1:27. 

mmutttt,  (9)  303 ;  (17)  268  ;  (21)  126. 

-^mixiun,  (21)  126- 

parmu,  (21)  128. 

—  pewiiuKus,  (16)280, 

nutmiiu,  (11)  205. 

*imili»,  (16)  1G2. 

rtmwi,  {12)364;  (16)162;  {21)127. 

r<uiiimniu,  (9)  302 ;    (17)268;    (21) 

127. 
tUhmda,  (4)  140 ;  (6)  240 ;  (9)  303 ; 

(15)152;  {20)632. 

i-nrareiMw,  (21)  126. 

Danaia  dvbia,  (10)  262. 

Daniell,  Dr  A.,  (7)  178. 

Danish  Fishery  Association,  (13)  340. 

Dannevig,  hatching  apparatus  of,  (5)  238. 

hatching  experiments  by,  (6)  241- 

CapUin  G.  M.,  (5)  236 ;  (6)  15,  276; 

(7)  384,  402  ;   (8)  21  ;   (9)  10,  409  ;  (10) 

0,  100,  348,  Ac 
Mr  Harald,  (12)  0,   208,   210;  (13) 

15,  123,  147;  (14)9,  160,  &c, 
DaphmBa  brachyura,  (9)  273,  275,  277, 

289  ;  (13)  245,  250  ;  (14)  168  ;  (16)  321; 

(16)252,260;  (17)163. 

vnngii,  (0)  289. 

Daphne  c-yMaUina,  (S)  289. 

mucrtmala,  (9)  200. 

pufej,  (0)  200. 

iitvla,  (9)  290. 

Daphuia  ciKvilala,  (9)291. 

faicala,  (17)  148. 

gaitaia,  (13)246;  (17)  150,  153,  17», 

177,  17B,  180,  181,  182.  184. 
jardinii,  (B)  280,  290,  206  ;  (12)  286; 

(13)250;  (14)  1B8  ;  (15)  316,  321. 
;uciM(™,(16)250;  (17)  138,  140,  167, 

158,  160,  163,  164,  167,  184. 
longUpina,  (»)  273,  280,  283,  287, 

290;  (13)  188,  189;  (14)230,  Ac. 

mncrouala,  (9)  290. 

nairuta.  (17)  170,  171,  173. 

piOex,   (8)  336;    (9)  273,  277,  283, 

2S4,  288,  290  ;  (13)  250,  &c. 

reticulata,  (9)  289, 

tima,  (9)  200. 

vttula,  (8)  336 ;  (0)  200. 

Dapfaniw  of  freshwater  lochs,  (17)  102. 
Darmneila  «tt\tJi»oni,  (9)  281,  282. 
Daneinia  compruaa,  (7)  320. 
Darmnvla  tintiumi,  (13)  245,  260  ;  {16) 

319,321,326;  {16)250,252:  (17)140, 

184,  101. 

aayttumt  a 
Dawson,  Mr  fi 
Day,  Dr,  (7)  388. 
Daylight  fishing  for  herring,  (4)  68. 
Decalcifying  action  of  formaline,  (23)  133. 
Decapod  Crustacea,  larval  stages  of,  (10) 


of  Plymouth,  (7)  386. 

larval,  as  tierriug-food,  (4)  126. 

Dtcipula femtgiiuma,  (Ifi)  126. 

Dee,  bacteria  in  water  of,  (5)  335. 

Deep-water  grounds  compared  with  in- 
shore grounds,  (20)  117- 

plaice  on,  (21)  41. 

~  trawling  investigatiotis  oo,  (20) 

114:  (21)19,27. 
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/>e/ava/Kic»nu/a,  (11)204;  (17)254;  (21) 

116. 

giesbrechtij  (17)  254. 

mimica,  (15)  150 ;  (17)  254. 

minutissima,  (21)  116. 

pahistris,  (11)  203,  205  ;  (15)  317. 

re/cxa,  (11)  2(H;  (12)244;  (21)116. 

ro6u*^a,  (11)  204;  (15)  150  ;  (21)  116. 

Ddphinua.     See  Dolphin. 
Dendrophrya  erecta,  (8)  317  ;  (16)  274. 

radiata,  (8)  317  ;  (16)  274. 

Denmark,  administration  of  fisheries  in. 

(7)406. 
as    a    market    for    Scottish-cured 

herrings,  (7)  166. 

biological  station  in,  (8)  374. 

depredations  of  seals  in,  (9)  412. 


Denmark,  fisheries  of,  (12)  399  ;  (13)  340. 

fishery  regulations  in,  (9)  411. 

Fishery'  Society  of,  (6)  305  ;  (7)  406. 

fishery  work  in,  (6)  305 ;    (7)  405 ; 

(8)374;   (9)410;    (10)347;    (11)499; 

(12)399;  (13)342. 

legal  sizes  for  immature  fishes  in, 


(8)  374. 

loans  for  boat-building  in,  (6)  305. 

nature  of  scientific  fishery  investiga- 
tions in,  (9)  412. 

oyster  fishery  of,  (7)  406. 

plaice  fishery  in  Cattegat,  (7)  407. 

regulations  regarding  immature  fish, 

(9)411. 

stdne-trawling  for  plaice  in,  (7)  406. 

statistics  of  fisheries  of,  (9)  411. 

steam -trawling  in,  (9)  411. 

survey  of  fisheries  of,  (9)  410. 

system  of  insurance  for  fishing  boats, 

(9)  412. 

trawling  in,  (7)  406. 

Density  observations,  (12)  .339. 

report  on,  (13)  302. 

of  water,   effect  of  wind  on,  (15) 

264. 

variations  in,  of  water  of  Loch  F3rne, 

(15)  263. 

Dentalina  legurtietij  (7)  314. 

Dentalium  tntalisy  (15)  123. 

DeiUex  vulgaris,  spawning  period  of,  (4) 
244. 

DeiUronotua  frondofiuSy  (15)  117. 

Depletion  of  fishery  grounds,  (10)  8. 

Dercothdi  punctoUus,  (6)  249. 

DermcUomyzon  gibhenim,  ( 12)  260. 

nigripes,   (15)  154;     (16)   177,   190, 

210;  (17)262. 

Development  and  life-history  of  the  food- 
fishes,  (6)  265  ;  (10)  20. 

of  brain  in  lesser  sand-eel,  (13)  15, 

276. 

of  Carcinus  mcenasy  (21)  142. 

of  common  mussel,  (4)  218  ;  (5)  247. 

of  eggs  of  fishes,  duration  of,  (15) 
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influence  of  temperature    on, 
(13)  15,  147. 

of  food  fishes,  (11)  18,  239  ;  (12)  19, 


218  ;  (13)  15,  147  ;  (14)  171. 

—  of  herring,  (4)  31. 

—  of  ovary,  oviduct,  &c.,  in  certain 
osseus  fishes,  (6)  281. 


Development  of  pollack,  (14)  171. 

Dexamtm  spinoaa,  (6)  247  ;  (16)  140. 

sp.,  (16)210. 

theay  (14)  160  ;  (15)  140  ;  (19)  262. 

redtonieiisisy  (7)  321. 

Diaphaiui  hyalinay  (15)  115. 

DiaphanoHoma  brnchyurum,  (17)  177|  179, 
184,  191. 

Diaptomm  custor^  (8)  336  ;  (16)  259,  260. 

gracUiSy  (9)  272,  276,  279,  282,  288  ; 

(11)223;  (12)286;  (13)249;  (14)  168; 
(15)320;  (17)  138,  139,  143,  144,  148, 
150,  153,  155,  157,  158,  159,  163,  164, 
167,  168,  171,  176,  177,  179,  181,  182, 
184. 

hirctuiy  (16)  249,  251  ;  (17)  148,  177, 


179,  181,  182,  183,  188. 
laciniatwiy  (16)  249;  (17)  170,   171, 

183   187. 
sei-ricornisy  (12)  288  ;   (13)  188,  244  ; 

(14)239. 
wier^tJHkiiy  (15)  316,  319,  320,  331, 

332  ;  (16)  249,  257,  259  ;  (17)  155,  156, 

183   188. 
Dtasloiigiremisy  (4)  148;  (6)  237  ;  (9)  287, 

288,  300;  (10)244. 

as  herring-food,  (4)  126. 

Diastopora  oheliay  (15)  157. 
Diastylu  biplicafay  (16)  134. 

coniuhi.Sy  (19)  236,  274 

hici/eray  (6)  253  ;  (19)  274  ;  (20)  480, 

-516,  523. 

raihkiiy  (6)  253  ;  (15)  134  ;    (20)  522. 

r(Mttralay  (20)  479,  516 ;  (22)  257. 

rtigomy  (4)   165  ;   (6)  253 ;  (8)  329, 

330  ;  (15)  134  ;  (16)  167,  209 ;  (20)  510. 

strigata^  (4)  165. 

tumiday  (19)  274  ;  (20)  480. 


(•20)  510. 


f         y  9  -  W  \  9 

Diastyloides  fnplicatUy  (20)  510. 
Diastyhptis  resimay  (19)  236,  274. 
Diatonia  tenuty  (9)  274. 

mdgarey  (9)  274. 

Diatoms  as  food  of  copepods,  (15)  216. 

as  food  of  fishes,  (15)  216. 

as  food  of  marine  animals,  ( 15)  215. 

as  food  of  young  fishes,  (16)  244. 

discolouration  of  sea  by,  (15)  216. 

distribution  of,  (15)  212. 

from  Faeroe-Shetland  Channel,  (15) 

297. 

marine,  (15)  15. 

reproduction  in,  (15)  217. 


seasonal  abundance  of,  (15)  212. 

vertical  distribution  of,  (15)  213. 

Dichefestium  sturionisy  (23)  111. 

Dickson,  Dr.  H.  N.,  (12)21,336;  (15)280. 

Dictyochafibxday  (15)  302. 

spenUum,  (15)  302. 

Didymus-plankton ,  characters  of,  ( 15)  302. 
Difflugia  acuminata y  (14)  243. 

coronuy  (9)  274. 

glofnUaria,  (9)  274. 

marmipiformisy  (9)  274. 

pyrifomiisy  (9)  274. 

Digestion  in  fishes,  (2)  31  ;  (22)  170. 
Digestive  organs,  chemistry  of,  (2)  31. 
histology  of,  (2)  31. 


Digestibility  of  fresh  fish,  (5)  221. 
of    Whitefish     {Coregonus 


formis)  (5)  228. 


clupd' 


offht  Fishery  Board  for  Scotland. 
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Diminution  of  flat  fishes,  (12)  9. 
Diminutive  sucker.     iS^M  Sucker,   Mon- 
tagu's. 
Dinematura  coltoplrata,   (18)  166 ;    (19) 

125. 

producta,  (18)  156  ;  (19)  124. 

Diiiemoura  alaUa^  (18)  156. 

lamnce,  (18)  156. 

aerrata,  (19)  125. 

DtJiophiius  meiameroideSt  (7)  385. 
Dio«accv8  tenuicornis,  (15)  151. 
Diphama  fallax,  (15)  164.1 
Diphys  campanulifera  (15)  310,  311. 
Dipl^clanum  (egxianSy  (23)  117. 
Diplodoiita  rottnidoUa^  (8)  330. 
Dtplozoan  paradoxuTrif  (4)  215. 
Discorhiiia  globuUirvt,  (15)  167. 

orbicufarisy  (16)  277. 

rosacea,  (15)  167. 

Diseases  of  fish,  cysts  in  eyes  of  Norway 

pout  from  Clyde,  (19)  284. 
of  fishes,  (3)  66  ;   (4)  214  ;   (11)  20, 

391   392. 
Distribution  of  edible  fishes,  (6)  33  ;  (18) 

113;  (22)  122. 

of  eggs  of  ling,  (15)  244. 

of  food  fishes,  (21)  40. 

of  food  fishes,   value   of   statistics 

thereanent,  (21)  38. 

of  pelagic  eggs,  (13)  15,  258  ;  (15)  13. 

of  pelagic  invertebrate  fauna  of  the 

Firth  of  Forth  and  its  vicinity,   (16) 

153. 

vertical,  of  pelagic  fish  eggs,  (15)250. 

Dityhim  BriyhtweUii,  (15)  214. 

Dog-fish,     black  -  mouthed      {PrUtiurus 

melaiuMt&mus),  (4)  226;  (15)  113,  168; 

(18)291. 
larger    spotted  {Scyllium  caiuliut)f 

(18)291. 
lesser  spotted  {Scylliorhinus  cam- 

cu/rt),  (15)  168. 

food  of,  (21)226. 

picked     {AcaiUhia>it    vulgaris),     (4) 

227;  (15)  113;  (18)291. 

food  of,  (21)  221. 

parasites  of,  (20)  297. 


Dog-fishes,  (4)  227  ;  (10)  207. 

Dog  Hole,   trawling   investigations    at, 

(21)  17,45,46,49,  52,55. 
Dolphin,        white-beaked        {Delphinus 

{Lageiiorhj/nchus)    albirostrU),    occur- 
rence of ,  (20)  541. 
Dolphins,   use  of  fire-arms  against,   (7) 

398. 
Dornoch   Firth,   physical  and  chemical 

examination  of  the  water  of,  (6)  313, 

318,  336. 

spawning  of  cod,  &c. ,  in,  (23)  20. 

trawling    investisations    in.       Set 

Trawling  investigations. 
Doris  johuiloniy  (15)  116. 

repanda,  (15)  116  ;  (16)  155,  209. 

tuberculoma,  (15)  116. 

Doropygus  giftber,  (18)  386. 

normani,  (9)  301  ;  (20)  456. 

poreicauda,  (15)  148;  (18)  386. 

pulex,  (18)386. 

Dory.     See  John  Dory. 
Do$tnia  exoletu,  (15)  126* 


Doainia  lincta,  (15)  126. 
Dot^  coronata,  (16)  155,  209. 
Doull,  Mr  John,  (9)  177  ;  (10)  188. 
Dragonet,  gemmeous  {CaUionymtu  lyra), 

(3)68;  (4)2.^2;  (7)356;  (15)110;  (18) 

278  ;  (20)  535. 

change  of  colour  in,  (3)  69. 

colour  of  sexes  of,  (3)  69. 

distribution  of  adult  and  immature, 

(8)  177. 

eggs  and  larva  of,  (9)  349 ;  (15)  250. 


eggs  of,  (4)  212;  (8)  285  ;  (14)  223  ; 

(16)  91-114  ;  (17)  82-84,  93,  99,    103, 

106. 

eggs  of,  in  Firth  of  Clyde,  (15)  250. 

fecundity  of,  (9)  252. 

food  of,  (8)  256  ;  (20)  486,  495. 

mature  and  immature,  (8)  177. 

post-larval  forms  of,  (7)  309. 

proportion  of  males  to  females,  (8) 

349. 

reproduction  of,  (10)  243. 

sexual  proportions  of,  (10)  239. 

spawning  of,  (4)  212  ;   (7)  197  ;  (8) 

269  ;  (17)  99. 

spotted    (Calliouymim    niactUaiua), 


(18)279;  (19)288. 

eggs  of,  (19)  *^88. 

food  of,  (20)  487,  496. 

parasites    of,    (18)    162,    168; 

(19)  129  ;  (20)  298. 
Drechsel,  Capt.  C.   F.,  (7)  384;    (8)  21, 

353;  (9)  11,  19,   177,  410;   (10)  347; 

(11)21,486;  (13)  16. 
Drepanopsetta  elnssodon,  (18)  352. 

plajtoiHoidea.     See  Long  roush  dab. 

Drepanothrix  dentata,  (13)  188,  245,  250; 

04)  168,  289  ;  (15)  330,  331,  333 ;  (16) 

250,  Ac.  ;  (17)  141,  &c. 
Dried  fish  cured  with  boracic  acid,  (6)  212. 
Drift-bottle  experiments  on  surface  cur- 
rents, (15)334. 
Dryope  crenatipalnujUa,  (6)  249. 
Duddingston  Loch,  amphipoda  of,  (17) 

168. 

cladocera  of,  (17)  167,  168. 

copepoda  of,  (17)  167,  168. 

invertebrate  fauna  of,  (17)  165. 

isopoda  of,  (17)  167,  168. 

mollusca  of,  (17)  169. 

ostracoda  of,  (17)  167,  168. 

temperatures  of,  (17)  166. 

Duff,  Mr  W.,  (10)  23  ;  (11)  24. 
Dvlichia  falcata,  (6)  250;  (15)  141  ;  (20) 

479,  492,  501,  503,  511,  517,  520,  523, 

527. 
monocantha,  (16)  277  ;  (19)  236, 267 ; 

(20)479,511,517,523. 

parrecta,   (9)  308;    (19)  267;    (20) 


479,  492.  501,  511,  623. 
sp.,  (16)210. 


Dunbar,  creeks  at,  (12)  202. 

hatchery,  description  of,    (12)    10, 

196. 
work  at,  (11)  14 ;  (12)  10,  210 ; 

(14)  150. 
Marine  Laboratory,  (8)  8  ;  (9)  6,  6, 

14;  (10)7;  (11)8. 
Dunbeath,   trawling  investigations   off, 

(20)94. 
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Duncker,  Dr,  (16)  228  ;  (18)  226. 

Duration  of  reproductive  life,  (10)  238. 

Durham,  Mr  Herbert  E.,  (6)  280. 

Dusky  Perch.     Stt  Serrahua  giyas. 

Dutch  fisheries,  (6)  15,  307. 

fishermen,  (10)  209. 

Duthie,  Mr  Robert,  (9)  177,  181  ;  (10) 
202,  288,  289;  (11)  242,  246;  (12)  17, 
187,218;  (13)  15,  174;  (14)  15,  229, 
&c. 

Dyopedos  porrtcta^  (9)  308. 

Dyspoiitius  curticaudcUun  (23)  148. 

normanif  (20)  473. 

striattts,  (6)  232. 


£ 


Earth  worms  as  bait,  (7)  356. 

East  Coast  fisheries,  development  of,  (10) 

16. 
Ebafia  cranchiij  (6)  257. 

tubtrosa,  (6)  257  ;  (15)  130  ;  (20)  536. 

Bkhinocardium  cordatumy  (15)  162  ;    (20) 

317,  319,  324. 

jiavescaiM,  (20)  317,  319,  324. 

Echinocyamiui  piutUlus,  (6)  230  ;  (20)  316, 

319,  324,  510,  527. 
Echinoderms  of  Cromarty  Firth,  (20)  304. 

of  Loch  Fyne,  (15)  160. 

of  Moray  Firth,  (20)  304. 

as  food  of  cod,  (4)  136,  145. 

as  food  of  haddocks,  (4)  129. 

Echiiiopleura  aciileatay  (19)  236,  272. 

Echinm  acutu^t,  (20)  315,  319,  324. 

esadenfus,    (7)  324;   (15)   162;   (20) 

316,  319,  324. 
miliars,  (6)  230;  (15)  162  ;  (20)  315, 

319  324, 

iwrvtijiaus^  (20)  315,  319,  324. 

ifphasniy  (7)  347. 

Echiunui  oxyurusy  (8)  332. 
Echthroga/tus  coleoptrcUuif,  (18)  156;  (19) 

125  ;  (20)  292. 
Ectino-ioma  armi/erutriy  (13)  166. 

atlanticum,  (9)  301,  302;  (15)  149, 

307,  315  ;  (20)  532. 

cuHiconit,  (13)  166  ;    (15)  149  ;    (17) 

253;  (21)  113. 

trythropji,  (8)  318  ;  (16)  267. 

gnicHt,  (13)  166;  (17)253;  (18)  389; 

(21)  113. 

herdmani,  (13)  166  ;   (15)  149  ;    (17) 

253;  (21)  113. 

longicoim^y  (13)  166. 

mtlaniceps,  (8)  318  ;   (15)  149  ;   (20) 

457,  492. 

iiormani,  (13)  166. 

propmquumy  (13)  166. 

pygnuvum,  (13)  166  ;  (15)  149. 

sartti,  (15)  149  ;  (20)  503,  511. 

sptmpeSf  (6)  239. 

tenuicorti^j  (13)  166. 

tenuij>ea,  (13)  166. 

Edington,  Dr  A.,  (6)  207  ;  (7)  12,  368. 
EdwardMa  ccdlimorphay  (15)  163. 

caniea,  (15)  163. 

Eel,   common  (Angiiilla   t'ulgarut)^    (15) 

113;  (18)288. 

compoeiiion  of,  (5)  228. 

digestibility  of,  (6)  228. 


Eel,  eggs  of,  (8)  356. 

external  differences  between  males 

and  females,  (13)  203. 

fecundity  of,  (8)  356. 

female  reproductive  organs  of,  (13) 

198. 

food  of,  (20)  487,  633. 

Ian*  of,  (13)  333. 

male,  (13)  202. 

male,  reproductive  organs  of,  (13) 

198. 
migration  and  reproduction  of,  (8) 

354;  (13)206. 

migrations  of,  (8)  354. 

oil-globules  in  intraovarian  egga  of, 

(16)  98. 

pathological  changes  in,  ( 12)  2d5. 

problems  remaining  to  be  solved, 

(13)  218. 

reproduction  of,  (13)  14,  192. 

ripe  eggs  of,  in  June,  (4)  212. 

spawning  period  of,  (4)  263. 

young  of,  (3)  63  ;  (13)  213. 

-pout.     See  Burbot. 

Eel,  conger.     See  Conger  eel. 

Piffect  of  hooks  of  liners  on  fish-food,  (12) 

19. 
Egeoiifaacialus,  (16)  166,  167,  209. 
Eggs  of    fishes,  absorption  of  water  in 

maturation  of,  (16)  116. 

absorption  of  yolk  in,  (16)  211. 

artificial  hatching  of,  (7)  403. 

attached  to  zoophytes,  (3)  69. 

change  in  specific  gravity  of, 

at  maturity,  (16)  116. 
change  in  volume  in  demersal, 

during  maturation,  (16)  141. 
change  in  volume  in  pelagic, 

during  maturation,  (16)  141. 
changes  in    constituents    of, 

during  maturation,  (16)  146. 
changes  in  percentage  of  water 

in,  during  maturation,  (16)  143. 

changes  in  specific  gravity  of 


pelagic,  during  maturation,  (16)  142. 

character  of  yolk  in  demersal, 

(16)  132. 

characters    of    embryo    from 

demersal  and  pelagic,  (16)  90. 

characters  of  protoplasm   of, 

(16)  136. 

chemical  composition  of  ger- 
minal vesicle,  (16)  137. 

chemical  composition  of  yolk 


of,  (16)  136. 
chemical  composition  of  vitel- 
line membrane,  (16)  137. 
collected  by  "  Garland,"  (10) 

300,  &c. 
comparison  of  those  of  herring 

and  sprat,  (6)  304. 
comparison  of  yolk  in  demersal 

and  pelagic,   of  teleosteans,   (16)   89» 

90. 
demersal,  modes  of  attachment 

of,  (16)  93. 

development  of ,  in  ovaries,  (12) 


386. 


different  character  of  yolk  in 


demersal  and  pelagic,  (16)  98,  99. 


of  the  Fishery  Board  for  Scotland, 
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£Sggs  of  fishes,  difficultv  of  diagnosing, 

when  preserved,  (15)  246. 
distribution  of    pelagic,   (10) 

201  ;  (13)  15,  258  ;  (15)  219. 
duration  of  development   of 

euibryo,  (15)370. 
effect  of  currents  in  drifting 

pelagic,  (17)  119. 
germinal  vesicle  of,  (16)  106, 

121. 


growth  of  volk  in,  (16)  116. 

haddocks  ifeeding  on,  (4)  133. 

hatched   at    Dunbar,   (13)  8, 

9,  123. 

—  histological  changes  at  matura- 


tion of,  (16)  120. 

identification  of,  (17)  81. 

in  relation  to  trawling,  (7)  401. 

increase  in  volume  of,  at  matu- 
rity, (16)  112,  114. 

influence  of  light  on  develop- 
ment of,  (15)  178. 

influence  of  salinity  on,  (7)403. 

iutraovarian,  (16)  100. 

intraovarian,  of  common  dab,  (16) 

96. 

of  angler,  (16)  125. 

of  ffrev  gurnard,  (16)  96. 

of  hadd 


dock,  (16)  96. 

of  John  Dory,  (16)  102. 

of  Norwegian  topknot,  (16)  97. 

of  torsk,  (16)  115. 

in  small  plaice,  (20)  366. 

maturation  of,  (16)  126. 

membranes  of,  (16)  104. 

methods  of  determining  specific 

gravity  of,  (16)  138. 

methods  of  preserving,  ( 14)  223. 

natural  destruction  of,  (5)  231. 

oil-globules  in,  (16)  97. 

oil-globules  in  intraovarian  of 

eel,  (16)98. 
physical   characters   of  yolk, 

(16)  136. 
primitive  circulation  in,   (16) 

211. 
rate  of  diminution  of  yolk  in 

pUice,  (16)223. 

reaction  of  yolk,  (16)  137. 

relation    between  oil-globules 

in,  and  oil  in  fish,  (7)  386. 
relation  of  character  of  yolk  to 

time  taken  in  development,  (16)  123. 
relation  of  yolk  to  size  and 


development  of  sK>ea  in  Crustacea,  (19) 
114,  115. 

remarks  on,  (3)  61. 

report  on,  procured  by  '*  Gar- 


land," (15)  246. 

role  of  phosphorus  in  matura- 
tion of,  (16)  150. 

seasonal  abundance  of,  in  Loch 

Fyne,  (17)94. 

specific  gravity  of,  (16)  142. 

specific  gravity   of  demersal, 

(16)  142. 

specific  gravity  of  pelagic,  (17) 

116. 

teleoetean,  maturation  of,  (16) 

88. 


Elffgs  of  fishes,  total  volume  of,  produced 

^y  various  fishes,  (16)  123. 

unidentified,  (11)  245,  246. 

variation     in     buoyancy     of 

pelagic,  (17)  117. 

variation  in  size  of,  (13)  15, 271. 

variation  in  specific  gravity  of 

pelagic,  (16)  114. 

weight  of,  (16)  145. 

zona  radiata  of,  (16)  104. 


Bggs  of  fishes,  pelagic,  cause  of  buoyancy 

of,  (16)  112. 
carried  by  currents,  (8)  258 ; 

(15)  337  ;  (16)  238. 

cause  of  floating  of,  (16)  90. 

change  of  volume  in,  during 


maturation,  (16)  142. 

character  of  yolk  in,  (16)  118. 

devoured  bv  Crustacea,  (9)  395. 

direction  of  drift  of,  (15)  374. 

—  distribution  of,  (15)  13. 

distribution  of,   vertical,   (15) 

250. 

distribution   of,    vertical. 


in 


Loch  Fyne,  (17)  108,  116. 

drift  of,  in  Loch  Fyne,  (17)  121. 


eaten  by  herring,  (17)  119. 

estimate  of  the  number  in  Loch 

Fyne,  (17)  109. 

from  Aberdeen  Bay,  (8)  289 ; 

(11)264;  (12)30a 

from  Firth  of  ayde,  (9)  335- 


336  ;  (15)  247,  251. 

from  Firth  of  Forth,  (8)  286, 


288;  (9)  336-349;  (10)  304-315;  (11) 
257  ;  (13)  260-263,  269  ;  (14)  226  ;  (15) 
221,  247,  251. 

from  Loch  F>Tie,  (17)  79. 

from  Montrose,  (8)  287 ;  (11) 

254;  (12)300;  (14)225. 

from  Moray  Firth,  (8)  287  ;  (9) 

340;  (11)254;  (12)  300;  (13)  268,  270; 
(14)  224  ;  (15)  255. 

from  Orkney,  (13)  269. 

from    St.   Andrews   Bay,    (8) 

286,  287  ;  (9)  340 ;  (11)  263;  (12)  298, 
299,  301 ;  (13)  260,  261,  264 ;  (14)  225. 

from  Stonehaven,  (12)  300. 

in  Loch  Fyne,  comparison  of 

number  with  numfaier  of  copepods,  (17) 
112. 

in  Loch  Fyne,  stage  of  develop- 
ment of,  (17)  100. 

of  angler,  (21)  189. 

of  armed  bullhead,  (16)  91. 

of  AtKerina  hepaetwi,  (9)  419. 

of  ballan  wrasse,  (5)  245. 

vitality  of,  (5),  246. 

of  bib,  (16)  91,  116 ;  (17)  94. 

—  -  of  brill,  (10)  279;  (16)  91,  114,  116. 

of  CarcinuB  nuenaSf  (21)  138. 

of  cat-fish,  (6)  366 ;  (16)  91 ;  (23)  262. 

of  coal-fish,  (10)  287 ;  (U)  242  ;  (12) 

218;  (13)273;  (16)91,  114. 

distribution  of,  (16)  243. 

in  Firth  of  ayde,  (16)  249. 

of  cod,  (13)  272  ;  (14)  223  ;  (16)  91, 


114,  116. 


distribution   of,    in  Firth   of 


ayde,  (16)  249. 
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Eggs  of  cod,  occurrence  of,  in  Firth  of 
Forth,  (16)221. 

Sar*8  discovery  that  they  float, 


(16)  88. 

—  of  common  dab,  (13)  274  ;  (14)  223  ; 
(15)238;  (16)91,  114. 

distribution    of,   in    Firth    of 


Clyde,  (15)  250. 

—  of  conger,  (9)  392. 

—  of  copepoda,  (8)  363. 

—  of  Crustacea,  (17)  114. 

—  of    decapod    Crustacea,     mode    of 
attachment,  (22)  116. 

of  diminutive  sucker,  (16)  91. 


of  dragonet,  (14)  223  ;  (16)  91,  114  ; 

(17)  99. 

\  in  Firth  of  Clyde,  (15)  250. 

of  edible  crab,  characters  of,  (22)  1 12. 

description  of,  (18)  88. 

mode  of  attachment  of,   (22) 

108,  115. 

number  of,  (18)  89. 

time  of  hatching  of,  (18)  88. 

of  eel,  (8)  356. 


of  four-l)earded  rockling,   (16)  91, 

115. 

of  fisre-bearded  rockling,  (13)  273. 

of  flounder,  (13)  274  ;  (14)  223  ;  (16) 

91,  114. 

distribution  of,  (15)  231. 

distribution    of,    in    Firth    of 

Clyde,  (15)  250. 
of  gadoids,  difficulties  in  diagnosis 

of,  (17)  81. 
of    OalcUhea     dispernay     mode    of 

attachment  of,  (22)  117. 
of  grey  gurnard,  (14)  223;  (16)  91, 

114,  115. 


distribution  of,  (15)  239. 

distribution  of,   in   Firth   of 

Clyde,  (15)  249. 

—  of  gurnard,  red,  (16)  91,  114,  116. 
of  haddock,  (13)  271  ;  (16)  91,  114, 


116. 

distribution  of,  (16)  224. 

distribution    of,    in   Firth   of 

ayde,  (15)  249. 

duration    of  development  of. 


according  to  temperature,  (19)  211. 

—  of  hake,  (12)  224  ;  (17)  93. 

—  of  halibut,  (4)  224  ;  (10)  285 ;  (11) 
242;  (16)91,  114. 

of  herring,  (16)91. 


change  in  volume  of,  during 

maturation,  (16)  141. 

duration   of   development   of, 

(6)306. 

—  of  horse-mackerel,  (16)  205. 

—  of  Jago's  goldsinny,  (17)  94. 

—  of  John  Dory,  (16)  125. 

characters  of  mature,  (16)  133. 

maturation  of,  (16)  131. 


of  king-fish,  (19)  290. 

of  lemon  dab,  (16)  91,  114,  116. 

specific  gravity  of,  (7)  386. 


of  lesser  sand-eel,  (16)  91. 

of  lesser  silver  smelt,  (16)  91 ;  (19) 


286. 

—  of  lesser  weever,  (16)  114. 

—  of  ling,  (16)91,  114,116. 


Eggs  of  lobster,  mode  of  attachment  of, 
(22)  117;  (23)  101,  102. 

of  long  rough  dab,  (16)  91,  114. 

in  Firth  of  Clyde,  (15)  248. 

of  long-spined  cottus,  (16)  91. 

of  lumpsucker,  (10)  243  ;  (16)  91. 

volume  of,  (16)  141. 

of  mackerel,  (16)  91,  114  ;  (17)  93. 

-  specific  gravity  of  eggs  of,  (7) 


386. 


—  of  megrim,  (10)  292  ;  (12)  224  ;  (16) 
91,  114. 

of  megrim  in  Firth  of  Clyde,  (15) 


250. 

—  of  mollusks,  (4)  217. 

—  of  Muller's  topknot,  (17)  94. 

—  of  Munida  rttgoaay  (1S2)  1 16. 

—  of   Nephropft  norvtgicuBy    mode   of 
attachment  of,  (22)  118. 

—  of  Norway  haddock,  (19)  288. 
topknot,  (12)  228  ;  (16)  91. 

of  Phrynorhombua  unimac\datU9f{yj) 


94. 


333. 


of  pike,  (5)  347. 

of  pipe-fisheai,  development  of,    (13) 


—  of  plaice,  (13)273  ;  (16)91,  114,  115. 

chanse     in     volume     during 

maturation  of,  (16)  141. 

distribution  of,  (15)  229. 

distribution  of,    in    Firth    of 

Clyde,  (15)  248. 

drifted  into  Firth  of    Forth, 


(15)  230. 

—  of  pollack,  (10)  288  ;  (17)  93. 

—  of  poor-cod,  (11)  239;  (14)  223. 

—  of  rockling,  (14)  223. 
of  rocklings  in  Firth  of  Clyde,   (15) 


260. 

—  of  sand-eel,  (12)313. 

—  of  sardine,  (8)  373 ;  (9)  418,  420. 

—  of  scaldback,  (17)  94. 
of  sea-scorpion,  volume  of,  (16)  91, 


141. 

—  of  sharp-tailed  Lumpenus,  (19)  2S7  ; 
(22)  203. 

—  of  shore-crab,  (22)  119. 

—  of  shrimp,  (19)93. 
-  mode  of  attachment  of,    (22) 


118. 

—  of  smelt,  (16)  91. 

—  of  sole,  (16)91,  114,  116. 
in  Firth  of  Qyde,  (15)  250. 

—  of  solenette,  (16)  91,  114,  116. 
specific  gravity  of,  (7)  386- 


of  spotted  dragonet,  (19)  288 

of  sprat,  distribution  of,  (16)  234. 

distribution    of,    in    Firth    of 

Clyde,  (15)  249.     . 
of    teleostean    fishes,    changes    at 

maturation  of,  (16)  89,  110. 

changes    which    render    them 


pelagic,  (16)  89. 

characters  at  maturity  of,  (16) 


110. 


136. 


chemical  composition  of,   (16) 
distension  of,  in  maturattcm. 


(16)  89. 
I formation  of  yolk  in,  (16) 


of  the  Fishery  Board  for  Scotland. 
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Eggs  of  teleostean   fishes,  growth  and 
maturation  of,  (16)  88. 

nature  of,  (16)  88,  89. 

physical  and  chemical  changes 


in,  during  maturation,  (16)  135,  138. 

significance  of   the    yolk    in, 

(6)  280. 

—  of  thickback,  (22)  286. 

—  Tomopteris  onUci/ormiSt  (6)  282. 

—  of  turbot,  (10)  274 ;  (12)  223 ;  (13) 
14,  2-24,  274  ;  (15)  187  ;  (16)  91,  114. 

change  in  specifier  gravity  in 


development,  (15)  188. 
distribution  of,  (15)  242. 

—  of  tusk,  (10)  288  ;  (16)  91,  114. 

—  of  whiting,  (13)  272 ;  (16)  114. 
distnbution  of,  (15)  223. 


(16) 


-1 —  of  witch,  time  taken  to  hatch, 

91,114,  115;  (22)186. 
Egypt,  fisheries  of,  (13)  347. 
Ehrenbaum,  Professor,  (9)  406;  (10)343; 

(11)21,487;  (13)  16;   (16)  227;   (18) 

335;  (19)92. 
Eisdadun  longicaHdaitis,  (10)  265. 
Ekstrum's  topknot.     See  Topknot,  Nor- 
way. 
Electric  light,  value  of,  in  tow-netting, 

(7)  387. 

use  of,  in  deep-sea  research,  (7)  395. 

use  of,  in  fishing  in  Spain,  (8)  370. 

**  Electric "    organ    in    skates,  the,   (6) 

277. 
Electric  ray.     See  Torpedo. 
Eledancy  sp.,  (21)  199. 
Elynia  cirtdis,  (15)  117. 
Emarginula  craafKit  (15)  122. 

Ji8sura,  (15)  122 

Embryology  of  the  retina  of  teleosteaus, 

(6)  280. 
Emigration  of  amoeboid  corpuscles  in  the 

star-fish,  (6)  28C. 
Efichelyopus  {Zoarces)^  viviparus.       See 

Blenny,  viviparous. 
Encyoiiema  ccfftpitomm,  (9)  274. 
Engraulia  encrasicholus.     See  Anchovy. 
Enhydrosoma  curvatum^   (8)  319  ;    (16) 

152;  (21)122,  123. 

gracUe,  (21)  122. 

minutunif  (21)  123. 

Enmttlla  americanna,  (7)  341. 
Enferocoia  eruca,  (9)  301. 

fulgent,  (9)  301 ;  (18)  386. 

Enteropffis  vararejisis,  (19)  241. 
Entomostraca,  notes  on,  (5)  328. 
of  lochs  and  inland  waters. 

Fauna,  invertebrate. 
Eolis  coronata,  (20)  5)1. 

papulosa,  (15)  117. 

sp.,(16)209. 

Eopsttta,  (18)  352. 
Ephimedia  eblana?,  (15)  169. 
Epihddla  hippoglosai,  (19)  142. 
Epimeria  comigera,  (8)  328;     (16)  139; 

(18)401;   (19)236,262;  (20)610,518. 
luberculata,  (15)  169;  (17)  266;  (18) 

401. 
Epithemia  aorex,  (9)  274. 

turgida,  (9)  274. 

Erga^Uus  gakeroatei,  (18)  146. 
nanusy  (19)  122. 


See 


Ergasilus  sieboldii,  (19)  124. 
Erichthonius  abditua,  (6)  249 ;  (16)  141 ; 

(18)  402. 

de/ormis,  (6)  249 ;  (20)  601,  623. 

hunteri,  (14)  161 ;  (19)  265 ;  (20)  601. 

Erpetocypris  divaceay  (9)  282. 

reptam,  (8)  340,  341,  342 ;  (9)  272, 

276,  282,  283,  284,  286,  288  ;   (13)  188, 

245  250. 

rof)erismi,  (9)  281,  282. 

strigata,  (8)  336,  337,  341,  343  ;  (9) 

272  284. 
iumefacta,  (8)  336,  337,  339,  340; 

(9)  272,  282,  284,  286. 
Eryihrops  d^gans,   (15)   134;    (17)  268; 

(18)403,404;  (20)491. 
gotsii,  (7)  322;  (16)  158,  160,209; 

(20)  448,  480,  516,  520,  522. 
distribution   of,    in   Firth  of 

Forth,  (16)  161. 

pygmoBa,  (4)  158  ;  (7)  322. 

strraia,  (7)  322  ;   (8)  330 ;  (15)  169  ; 

(16)  262  ;  (17)  268  ;  (18)  404 ;  (19)  236, 

277  ;  (20)  510,  523,  524. 
Escarotden  rosacea,  (16)  157. 
Ebox  luciue.    See  Pike. 
Etropus,  (18)  357. 
Eucalanus  crassus,   (15)  307,   312;    (18) 

382  ;  (19)  236,  237  ;  (21)  110. 
elotigatus,  (15)306, 307, 309, 310,  311, 

312 ;  (18)  383 ;  a9)  236,  237 ;  (21)  110. 
Eucampta  granilandica,  (15)  214. 

zodiacu$,  (15)  214. 

Eucanuella  npinifera,  (19)  236,  245  ;  (20) 

456. 
EuchcBta  Horcegica,  (15)  146, 305, 307, 308, 

309,  310,  311,  314  ;  (17)  113,  248. 
EtLcythere  anglica,  (6)  244. 

argua,  (6)  244. 

dedivM,  (6)  244  ;  (15)  143. 

Eudaciylitia  a^Mnlhii,  (20)  296. 

acuta,  (20)  293 ;  (22)  277. 

minuta,  (22)  275. 

aimilut,  (20)  295. 

Eudendrium  rameum,  (15)  164. 
Eudorella  dtformis,  (8)  329. 

emarginata,  (20)  616. 

itiermis,  (7)  322. 

marghiata,  (17)  267. 

truncattda,  (7)  322 ;    (15)  134 ;    (16) 

167,  299 ;  (17)  267  ;  (20)  503,  610,  616. 
EudorellopaU  deformU,  (8)  329  ;  (17)  267; 

(19)  274  ;  (20)  610 ;  (20)  243,  258. 
Eugyophrys,  (18)  357. 

Eulima  bilineata,  (16)  121. 

incurtUt  (16)  121. 

intermedia,  (16)  120. 

polita,  (8)  331 ;  (15)  120. 

EtUimeUa  acictda,  (16)  121. 

aciUai,  (16)  121. 

Eumeniajeffreym,  (15)  169. 
Eunice  norvemea,  (16)  169. 
Eunicicola  elausii,  (20)  481. 
Euonyx  chelatus,  (19)  236,  268. 
Eupagurua  bemhardus,  (6)  268 ;  (16)  190; 
(20)611,616,636. 

cuanensia,  (6)  268 ;  (20)  622,  627. 

prideauz,  (16)  130. 

puhescena,  (6)  268 ;  (16)  131 ;  (20)  607. 

aculptimanua,  (6)  268 ;  (16)  180. 
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EuphatMt  raschiif  (4)  157. 
Eupogebia  dellum,  (19)  278. 
Eurycercm  lamtllaUtJi,  (8)  339  ;    (9)  273) 
277.283,291;  (11)232;  (12)286;  (13, 

188.  245,  250,  Ac. 
Eurycope  phalangiumt  (15)  135. 
Euryd^t  twhata,  (20)  493. 

pxUchra,  (6)  251  ;  (15)  135  ;  (16)  168, 

210;  (19)271. 
Eurtpiamt  OHpera,  (6)  256. 
EurynoiHS  insofcriM,  (16)  279  ;  (20)  481. 
Eurynthe^iH  tryfh/-ojfhth(Umit^j  (6)  248. 
Euryte  fonijicam/^i,  (23)  143. 
EvrytemonirtjHniM,  (10)  245;     (11)  203; 

(18)385;  (19)2:«;  (23)67. 

dau^ii,  (13)  249,  251. 

hinnulo,  (10)245. 

lachntlafa,  (15)  317  ;  (17)  251,  270. 

/y/ox,  (18)  384 ;    (20)  495,  507,  525, 

5*^7   53*^  534 
EiiMiruM  iotujipf^,  (15)  139  ;  (17)  265  ;  (18) 

402  ;  (19)  262. 
EuthcmtHto  comprtwu,  (10)  265,  266  ;  (16) 

170,  176,  21U. 
Etytdiit  nordmannii,   (6)  245;    (15)    141, 

306,  308,  309,  310,  311  ;  (16)  210;  (20) 

532,  533. 
Ewftrt,  Professor  J.  C,  (5)  43:    (6)  25, 

189,  203,  277,  282,  287,  289,  295 ;  (7) 
9,  182,  :W4  ;  (8)  351  ;  (9)  320. 

ExhauBtion  of  Forth  oyster-beilfl,  (14)  13, 

260. 
ExocttUM  colitaiiH.     See  Flying- fish. 
Expense  of  fish  hatching,'  (21)  181  ;  (23) 

121. 
Kxperiments  in  cross-fertilisation  of  fish, 

(8)358. 
on  currents  and   the  transport  of 

pelagic  eggs,  (13)  153. 

on  mesh  of  nets,  (12)  3<K2. 

on  migrations  uf  tish,  (15)  375. 

with  small-meshed  net«,  (21)  40. 


Faccfimt  dnimmoudii^  (15)  117. 

Faer<">c,  trawling  investigations  at,  (23) 

;i2. 

FaoK'»e-Shetland  Channel,  animal  plank- 
ton of,  (15)  305. 

current*  of,  (15)  287. 

diatoms  from,  (15)  297. 

direction  of  surface  currents  in,  (16) 

340. 

ph^'sical  observations  in,  (15)  280. 

salinity  observations  in,  (15)  282. 

temperature  observations   in,    (15) 

282. 
Father-lasher.     Ste  Scorpion,    ca-. 
Fauna  of  Firth  of  Forth,     7    311  ;    (9) 

14,  300;   (10)  18;    (11)  17,  197;  (12) 

231 ;  (13)  15,  167  ;  (14)  15,  158. 
West  Coast,  of   **  Garland  ''  ex|)e- 

dition,  (9)  13,  297. 
invertebrate,  of    inland   waters  of 

Scotland,  (8)  334  ;  (9)  269 ;   (11)  220; 

(12)  284 ;  (13)  237  ;  (14)  167  ;  (15)  316 ; 

(16)  248. 
of   Duddingston     Loch,    (17) 

132, 165. 


Fauna,  invertebrate,  of  Loch  Achnacloich, 

(9)  269. 

of  Loch  Doon,  (17)  132. 

of  Loch  Coulter  and   Coulter 

Bum,  (8)  334. 

of  Loch  Garry  (Ailaa  Craig), 


(16)251. 

of  Loch  Leven,  (17)  132. 

of  Loch  Lomond,  (17)  132. 

of  Loch  Strathbeg,  (9)  2e9. 

of  Lochs  in  vicinity  of  Glas- 
gow, (13)  237. 

of  Lochs  of    Argyleshire,     (9) 

269;  (12)289;  (15)316;  (16)  251. 

of  Lochs  of  Bute,  (15)  316  ;  (16) 

•251. 

of  T^ochs  of  Caithness.   (9)  2«». 

of  Lochs  of  Fifeshire,  (9)  269. 

of  Lochs  of  Forfar     (15)     316 ; 

(17)  132. 

of  Lochs  of  Inverness,  (9)  269  ; 

(11)220;  (17)132. 

of  Lochs  of  Orkney,  (9)  269. 

of  Lochs  of    Outer     Hebrides, 

(13)  2;i7. 

of  r.<ochs  of     Perthshii-e,     ( 12) 

284;  (13)2:^7;  (14)  167:  (17)  132. 
of  Shetland   lochs,    (13)    174; 

(14)  229  ;  (15)  316,  328,  329  ;  (16)  248. 
distribution  of  pelagic,  in  Firth 

of  Forth,  (16)  153. 

Fai'on'nu-'i  a/fms,  (16)  117. 

Fecundity  of  sea-fishes,  (9)  12,  243  ;  (10) 
190;  (15)  370. 

of  fishes  with  demersal   eggs,    (15) 

376. 

with  pelagic  eggs,  (16)  376. 

proportional    number  of   ova    pro- 
duced by  different  species,  (9)  248. 

variation  of,  in  individuals  of  same 

species,  (9)  248. 

Fedderson,  Mr  A.,  (6)  16,  276. 

Fitrwtftr^  sp. ,  larval,  from  North  Sea,  (22) 
283. 

Fifteen-spined  stickleback.  See  Stickle- 
back, fifteen -spined. 

Filifjrana  implexa^  (16)  157. 

Firth  of  Clyde,  condition  of  fishing 
grounds  in,  (6)  5. 

Crustacea  of,  (16)  277  ;  (17)  248. 

description  of  trawling  stations  in, 

(18)  20. 

fishes  of,  (18)272. 

importance  of  investigations  in,  (14) 

18. 
lar\'al  fishes  of,  (9)  335,  836  ;   (15) 

251. 
methods  of  fishing  for  herrings  in, 

(18)  249. 

migrations  of  gurnards  in,  (17)  216. 

pelagic  eggs  of,  (9)  335-336  ;    (15) 

247,  251. 

pelagic  fauna  of,  (15)  71. 

physical  observations  in,   in  1696, 

(15)  94. 

post-larval  fishes  of,   (9)  335,  336 

(14)227;  (15)251. 
trawling  experiments  in,    (6)   32 

(12)  12  ;  (14)  11,  21 ;  (15)  22  ;  (16)  22 ; 

(17)23;  (18)20;  (20)29. 
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Firth  of  Clyde,  young  fishes  of,  (9)  335, 

336  ;  (15)  251,  259. 
Firth  of  Forth,  alkalinity  of,  (5)  352. 

amhipoda  of,  (16)  170. 

as  a  nursery  for  youns  fish,  (5)  48. 

bye-law  closing,  against  trawling, 

(5)44. 

cladocera  of ,  (16)  177. 

copepoda  of,  (16)  177. 

Crustacea,  revised  list  of,  (6)  235. 

ctenophora  of,  (16)  194. 

cumacea  of ,  (16)  167. 

-    —  decapod  Crustacea  of,  (16)  156. 

dependence  of,   on    eggs   spawned 


oiiishore,  (15)  230. 

distribution  of  Acartia  in,  (16)  186. 

distribution  of  Ctdanua  Jinmarf.hicti8 

in,  (16)  180. 
distribution  of  Erythrops  goe«ii  in, 

(16)  161. 
distribution  of  Euphasiidsd  in,  (16) 

159. 

distribution  of  Mysidae  in,  (16)  163. 

distribution  of  Parathemigto  in,  (16) 

173. 


—  distribution  of  pelagic  invertebrate 
fauna  of,  in  1889-1895,  (16)  153. 

—  distribution  of  Sdgit-ta  in,  (16)  190. 
distribution  of  Schizopoda  of,  (16) 


164. 


distribution  of  Temora  longicomis 

in,  (16)  183. 
fauna  of,  additions  to,  (7)  311 ;  (8) 

312  ;  (9)  300;  (10)  244  ;  (11)  197  ;  (12) 

231  ;  (13)  165  ;  (14)  158. 

fisheries  of,  (9)  178. 

former  productiveness  of,  (5)  47. 

hydromedusfie  of,  (16)  194. 

isopoda  of,  (16)  168. 

larval  and    young    Crustacea,  dis- 
tribution of,  in,  (16)  197. 
larval  fishes  in,   (8)  286,  288  ;  (9) 

336  ;  (10)  304  ;  (11)  257  ;  (13)  260,  263, 

269  ;  (14)  226  ;  (15)  250,  251. 

migrations  of  gurnards  in,  (17)  210. 

oyster-beds  of,  (14)   13,  244,   265; 

(15)  14. 

pelagic  ccelenterata  of,  (16)  194. 

pelagic  eggs  of  fishes  in,  (8)  286, 288 ; 

(9)  336-340  ;   (10)  304-315  ;  (11)  257  ; 

(13)  260,  261-3,  269  ;   (14)  226 ;   (15) 

221,  247,  251  ;  (16]  203. 

pelagic  fauna  of,  (15)  64 ;  (16)  153. 

pelagic  vermes  of,  (16)  190. 

physical  conditions  of,  (5)  50,  349. 

physical  observations  in,  (16)  89. 

poBt-larval  fishes  of,  (8)  286,  288 ; 

(9)  336-340  ;  (10)  304-315  ;  (11)  267  ; 

(13)  260,  261-3,269  ;  (14)226  ;  (15)251. 

salinity  of,  (5)  350. 

schizopoda  of,  (16)  158. 

temperature  observations  in,  (5)  353. 

trawling   experiments,   comparison 

of  periods,  (14)  146  ;  (20)  21. 

trawling  experiments,   decrease  of 


plaice  andlemon  dabs  in,  (14)  146  ;  (20) 
23,  26,  28. 

—  trawling  experiments,  increase  of 
common  dabs  and  long  rough  dabs  in 
closed  area,  (14)  146  ;  (20)  25,  26,  28. 


Firth  of  Forth,  trawling  investigations 
in,  (6)  27  ;  (12)  13,  17,  24 ;  (14)  128 ; 
(20)  20. 

trawling  stations  in,  (5)  52;  (14)  131. 

use  of  seine  in  sprat  fishery  in,  (18) 

244. 

young  fishes  of,  (8)  286,  288 ;  (9) 

336-340  ;  (10)  304-315  ;  (11)  257  ;  (13) 
260-263,  269  ;  (14)  226  ;  (16)  261. 

Fish,  application  of  the  term  **  im- 
mature," (8)  192. 

artificial  hatching  of,  (5)  230. 

as  food  of  cod,  (4)  136,  146. 

as  food  of  haddocks,  (4)  131 . 

bacteria  in  living,  (6)  ^7. 

circulatory    system     in    teleostean 

embryos,  (16)  213. 

Commission  of  United  States,  work 


of,  (3)  79,  80. 
—  composition  of  (5)  221. 
observations  on,  (16)  190. 


(3) 


Fish-culture  in  America,  progress  of, 

78. 

in  Canada,  (12)  392. 

in  France,  (12)  403. 

in  Lancashire,  (13)  334. 

in  New  South  Wales,  (12)  393. 

in  the  United  States,  (12)  394. 

Fish,  definition  of  "  large  "  and  * 'small,** 

caueht  by  line,  (8)  187. 
destruction    of,    in    Australia   by 

Peridinia,  (9)  400. 
difficulties  of  diagnosis  of   young 

flat,  (16)  226. 
digestibility    of,    compared    with 

beef,  (5)  223. 
distribution  of  young  gadoids,  (19) 

289. 

economic  products  from,  (4)  256. 

elasmobranch,    cranial    nerves    of, 

(7)385. 
excretory  products  in  the  gut  in 

embryo  teleoeteans,  (16)  217. 

experiments  on  digestibility  of,  (5) 


223. 

experiments  on  vitality  of,  caught 

by  trawl,  (8)  184. 

extracts  of,  (4)  257. 

fat  in  muscles  of,  (6)  226. 

feeding    during    spawning    period, 

(4)  101. 

fresh,  digestibility  of,  (5)  221. 

fresh,  nutritive  value  of,  (5)  221. 

Fishes,  growth  of.    See  Growth. 
Fish-hatching  at  Howietoun,  (6)  230. 

conditions  of,  (5)  237. 

Dannevig  apparatus  for,  (6)  238. 

expense  of,  (21)  181. 

in  Newfoundland,  (13)  335. 

in  Norway,  (5)  234 ;  (7)  403 ;  (17) 

208. 

jar  for  adhesive  eggs,  (5)  238. 

principles  of,  (5)  ^l. 

report   on,    (17)    206.       8te    aim 

Hatching. 
Fish,  hybndism  in,  (7)  382. 
immature,  biological  definition  of, 

(8)  160. 
their  distribution  and  capture 

by  various  modes  of  fishing,  (8)  167. 
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Fish,  immature,  capture  and  destruction 

of,  (7)  6  ;  (9)  201  ;  (12)  18,  302. 
capture  by  bag-net  orstow-net 

fishing,  (8)  190;  (23)  156. 
capture  of,  by  hooks.  (8)  378  ; 

(13)  14,  133. 

capture  of,  by  liners,  (8)  187. 

capture  of,  by  lines  and  beam 

trawls,  (9)  29. 
capture  of,  by  shrimp  nets,  (8) 

185 ;  (9)  206. 

capture  of,   by   trawling,    (8) 


179,  195. 


332. 


capture  of,  in  North  Sea,  (13) 


190. 


comparison  of  territorial  and 

extra-territorial  waters  regai-ding,  (8) 

177. 
comparative  destruction  of,  by 

trawl  and  hook,  (6)  3. 
conference  on  the  destKction 

of,  (8)  360  ;  (9)  201,  389  ;  (10)  345. 

definition  of,  (8)  160,  163. 

destruction  of,  (8)  362. 

destruction  of,  by  seines,  (8) 

190. 

destruction  of,   by  weirs,  (8) 

distribution  of,   (8)    10,   157; 

(13)  .333. 
distribution   of,  according   to 

depth  and  distance  from    shore,   (8) 

166,  167,  169;  (10)333. 
distribution  of,  in  inshore  and 

o£fshore  waters;  (8)  163. 
distribution    of,   offshore,    (9) 

4,  182,  391,  395,  406. 
enquiry  as  to  destruction  of, 

in  Belgium,  (9)  416. 
enquiry  as  to  destmction  of, 

in  Holland,  (9)  412,  413. 
enquiry  as   to  presence  of,  in 

deep  water,  (9)  391. 


Fish,  immature,  protection  of  flat  fish, 
(14)  148. 

proportion  of,  landed  by  line 

fishermen,  (8)  378. 

proportion  of,  landed  by  trawl- 
ers, (22)  16. 

regulations  proposed  regarding, 


in  England,  (9)  393. 

regulations  regarding,  in  Bel- 
gium, (9)416. 

regulations  reg^arding  in  Den- 
mark, (9)  411  ;  (10)  247. 

regulations     regarding,     in 

France,  (9)  202. 

regulations  regarding,  in  Hol- 


land, (9)  413  ;  (10)  350. 

regulations  regarding,  in  Italy, 

(9)  202. 

regulations  regarding,  in  New 

South  Wales,  (9)  399. 

size  of,  among  different  species, 

(22)  17. 

their  distribution  and  capture 

by  various  modes  of  fishing,  (8)  157. 

used  for  manure,  ic,  (8)  158. 

importance    of  accurate    measurt)- 


escape 


38  reg) 
of,  I 


rom    otter-trawl. 


enquiries  regarding,  (8)  159. 

c 

(20)327. 
experiments  on  vitality  of,  (12) 

investigations  on,  in  Denmark, 

(13)  340. 
legal  sizes  for,  in  Denmark,  (8) 

374. 

legal  sizes  for,  in  Italy,  (8)  375. 

legislation  for  the  protection 

of,  (8)  157. 

limits  of,  (22)  18. 

limits  suggested  for  sale  of, 

(12)  385. 
minimum  sizes  fixed  for,  (8) 

158. 

nurseries  of,  (9)  4. 

official  enquiries  regarding  des- 
truction of,  (8)  159. 
practical  difficulty  of  enlarging 

mesh  of  trawl-nets  for  protection  of, 

(8)  196. 
principles  of  the  protection  of, 

(8)  192,  196. 
proportion  of,  to  adults  taken, 

(8)  164. 


menu  of,  (20)  326,  330. 

influence  of  cold  on,  (9)  420. 

landed,  imperfection  of  statistics  of, 

(20)  76. 

lateral  sense  organs  of,  (16)  216. 

limit  of  size  dividing  mature  from 

immature,  (8)  161,  163. 

meal,  (6)  297. 

method  of  determining   solids   of, 

(5)222. 
method  of  preparation  of,  in  tins,  (5) 

220. 
methods  of  rearing  larvie  of,  (15)  177. 

migrations    of,      in     relation     to 

currents,  (15)  375. 

notes  on    teleostean    development, 

(16)211. 

numerical    variation     at    different 

seasons,  (6)  36. 

nurseries  of  young,  (8)  177. 

oiU,  (4)  258. 

preservation  of,  (4)  259  ;  (6)  289. 

proportion  of  mature  and  immature, 

caught  by  trawling,  (8)  180. 

relative  abundance  of,  (6)  91. 

relative  proportion  of  small,  cap- 
tured, (6)  36. 

rearing  experiments  with  flat,  (16) 

219. 

reatine  post-larval  plaice,  (16)  223w 

reproduction  and  development  of 

teleostean,  (7)  386. 

respiration   of  teleostean   embryo, 

(16)213. 
supply  on  German  coast,  diminution 

of,  (9)  405. 
transport    of    live    European,    to 

America,  (8)  363. 
weight  and    sizes  of,    brought  to 

Aberdeen  market,  (22)  89. 
Fisher  Bank,  catches  from,  (21)  38. 

plaice  on,  (21)  41. 

statistics  relating  to,  (21)  38. 

trawling  investigations  on,  (21)  25. 
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Fisheries    in     extra-territorial     waters, 
international  conference  on,  (9)  389. 

of  Denmark,  (13)  340. 

of  England  and  Wales,  (9)  393  ;  (12) 

380. 

of  France,  (8)  372  ;  (9)  420. 

of  Holland,  (13)  340. 

of  North  Sea,  question  of  regulation 

of,  in  Germany,  (9)  405. 

of  Shetland,  (10)  202. 

of  Solway,  (4)  255. 

Fishermen,  decline  in  number  of,  (10)  8. 

technical  instruction  to,  (22)  264. 

Fishery    Commission     of    1883,    recom- 
mendations of,  (5)  43. 

regulations,  (10)  189. 

statistics.     Set  Statistics,  fishery. 

Fishes,  change  of  colour  in,  (3)  69. 

comparison     of     embrvos      from 

demersal  and  pelagic  eggs  of,  (16)  90. 
comparison    of    larvae     of,     from 


Fishes,  nature  of  eggs  of  teleostean,   16 

89. 

of  Firth  of  Clyde,  (18)  272. 

of  Loch  Fyne,  list  of,  (4)  232. 

old  ideas  as  to  spawning  places,  (8) 

164. 

on  lines,  injuries  to,  (4)  203. 

ovaries  of  teleostean,  (16)  92. 


demersal  and  pelagic  eegs,  (16)  123. 

—  copepod  parasites  of7(^8)  145. 

—  crustacean  parasites  of,  (18)  144. 

—  description  of  measuring  tables  for, 
(20)  330. 

—  development  of  teleostean,  (6)  302. 
different  rate  of  growth  of  sexes  of, 


(20)  .^J33. 

diseases  of,  (3)  66. 

feed  little  at  low  temperatures,  (22) 

162,  171. 

food  of.    Ste  Food. 

growth  and  maturation  of  the  eggs 


of  teleostean,  (16)  88. 
—  influence  of  temperature  on  growth 
of,  (22)  159. 

influence  of  temperature  on  rapidity 


parasites  of,  (19)  120 ;  (20)  288  ;  (22) 

275 ;  (23)  108. 
parasites    on     young    plaice    and 

flounders,  (16)  242. 
physical  and  chemical  changes  in 

ova  of  teleostean,  during  maturation, 

(16)  135,  138. 
post-larval,   of    Aberdeen  Bay,   (8) 

289;  (11)264;  (14)225. 
of  Firth  of  Clyde,  (9)  335,  336; 

(14)  227  ;  (15)  251. 

—  of  Firth  of  Forth,  (8)  286,  288  ; 


(9)  336-310;  (10)  304r-315;  (11)  267; 
(13)  260-263,  269  ;  (14)  226;  (15)  251. 

of  Loch  Fyne,  (15),  254 ;  (17) 

121. 


of  digestion  in,  (22)  171. 
—  larvae  of,  transported  by  currents, 
(15)  368. 

larval,  of  Aberdeen  Bay,  (8)  289 ; 


(11)264;  (14)225. 
of  Firth  of  Clyde,  (9)  335,  336  ; 

(15)  251. 
of  Firth  of  Forth,  (8)  286,  288 ; 

(9)  336-346;  (10)  304-315;  (11)267; 

(13)  260-263,  269 ;  (14)  226  ;  (16)  261. 
of  Loch  Fyne,  (15)  264;  (17) 

121. 
of  Moray  Firth,  (8)  287 ;   (9) 

340;  (11)254;  (13)268,270;  (14)224; 

(15)  255. 
of  Montrose,  (8)  287  ;  (11)  264 ; 

(12)300;  (14)225. 

of  Orkney,  (13)  269. 

of  St.  Andrewt-Bay,  (8)  286  ; 

(11)  263  ;  (12)  299,  301  ;  (13)  260,  261- 

264;  (14)225. 

marine,  of  Loch  Fyne,  (16)  107. 

marking  experiments  with,  methods 

employed,  (8)  354. 
migrations  of,  in  relation  to  tem- 
perature, (20)  336. 
mode  of  capture  of,  by  liners,  (4) 

201. 
natural  destruction  of  eggs  of,  (6) 

231. 
nature  and  composition  of  ovarian 

fluids  of,  (16)  149. 


of  Montrose,  (8)  287 ;  (11)  264; 
(12)300;  (14)225. 

of  Moray  Firth,  (9)  340;  (11) 


254  ;  (13)  268.  270 ;  (14)  224 ;  (15)  255. 

of  Shethind,  (14)  227. 

of  St.  Andrews  Bay,  (8)  286, 

287  ;  (11)  263  ;  (12)  299,  301 ;  (13)  260, 
261,  264  ;  (14)  225. 

vertical    distribution   of,   (17) 

127. 


proportion    of  marketable    to    un- 
marketable, taken  by  trawlers,  (22)  13. 

rate  of  growth  of.     Set  Growth. 

relation  of  length  to  weight,  (22) 

142. 

relative  sensitiveness  of,  to  sudden 

changes  in  temperature,  (22)  162. 

remarks  on  growth  of,  (3)  64. 

respiration    of    teleostean  embryo, 

(16)  213. 

sense  organs  and  perceptions  of,  (8) 

362. 

spawning  periods  of.    Set  Spawning 

periods. 

specific  gravity  of  ovarian  fluid  of, 

(16)  138. 

synonyms  of  British,  list  of,  (2)  74. 

unmarketable,  description  of,  (22)  14. 

with  demersal  eggs,  fecundity  of, 

(16)  376. 

with  pelagic  eggs,  fecundity  of,  (16) 


376. 
young,   distribution  of,  in  Moray 

Firth,  (16)  257. 
in  Loch  Fyne,  proportion  of 

food  fishes,  (17)  127. 
of  Aberdeen  Bay,  (8)  289 ;  (11) 

264 ;  (14)  225. 
of  Firth  of  Qyde,  (9)  336,  336 ; 

(16)  261,  269. 
of  Firth  of  Forth,  (8)  286,  288 ; 

(9)  336-340;  (10)  304-316;  (11)  267; 
(13)260-263,  269;  (14)  226;  (16)  261 

of  Loch  Fyne,  (16)  264. 

at  Montrose,  (8)  287  ;  (9)  341  ; 

(10)  304 ;  (11)  264  ;  (12)  300 ;  (14)  226. 
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Fishes,  young,  of  Moray  Firth,  (8)  287  ; 

(9)  340 ;  (10)  304  ;  (11)  254  ;  (13)  268, 

270;  (14)224;  (15)255. 
of  St.  Andrews  Bay,  (8)  286, 

287;  (11)263;  (12)299,301;  (13)260, 

261,  264;  (14)225. 

-  on  deep-water   grounds,    (19) 


189. 

Fishing,   capture  of    immature  fish    by 
various  methods  of,  (8)  179. 

gear,  amount  of,  (10)  179. 

grounds,  extension  of,  (10)  188. 

method  of  ascertaining  produc- 
tiveness of,  (21)38. 

ot  Firth  of  Qyde,  (6)  6. 

of  Stonehaven  district,  (6)  222. 
on  the  east  coast  of  Scotland, 


(9)11,  177. 
Five-bearded  rockling.      See    Rockling, 

five-bearded. 
Flat  fishes,  arrangement  of  muscles  in,  (4) 

168. 

classification  of,  (18)  335. 

comparison  of  nasal  organ  in,  (18) 

338. 


—  decrease  in  supply  of,  (11)  9,  10,  11, 
12,  24,  27  ;  (12)  9,  384. 

decrease  of,  in  closed  areas,  (14)  12, 


146. 

diagnostic  characters  of,  (13)  333. 

diminution  of,  (10)  8. 

fluctuations  in  abundance  of,  (14) 

136,  138. 

geographical    distribution    of   sub- 
families of,  (18)  362. 

growth  of,   compared  with    round 

fishes,  (20)  334. 

landed  by  trawlers    at  Aberdeen, 

(20)  77. 

mature  and  immature,  (8)  166. 

most  important  characters  in  classi- 


fication, (18)  348. 

numbers  and  sexes  of,  (8)  348. 


olfactory  organ  of,   (18)  338,   349, 

363. 

origin  of,  (18)  362. 

prooable  migratory  movements  in 

winter,  (6)  8. 
proportion  caught  by  trawlers  which 

are  marketable,  (22)  15. 

proportion  of  immature,  landed  by 


trawlers,  (22)  16. 

—  rearing  experiments  with,  (16)  219. 

—  relative    importance     of    external 
characters  of,  (18)  335. 

relative  quantities  caught  by  line 


fishermen  and  beam-trawlers,  (6)  7. 

—  size  of  mouth  in,  as  a  character  in 
chissification,  (18)  336. 

—  spawning  of,  (8)  260.   See  Spawning, 
value  of  hypural  elements    of,  m 


classification,  (18)  346. 

—  value  of  pectoral  arch  and  ventral 
fins  in  classincation  of,  (18)  340. 

—  value     of     sinistral     or     dextral 


character,  (18)  336. 

—  variability  in  asymmetry  of,  (18)363. 
vertebral    column  and    alimentary 


canal  of,   in  regard  to  classification, 
(18)  343. 


Ffemingia  zeUandica^  (15)  120. 
Fletcher,  Mr  J.,  (23)  156. 
Flounder  {PUuronecfts  flemu),  (18)  286. 
cross-fertilisation   of,    with    lump- 
sucker,  (8)  358. 

date  of   appearance    of   young,  in 


harbours,  (16)  246. 

—  digestibility  of,  (5)  228. 

—  distribution  of,  (21)  42. 

—  distribution  of  eggs  of,  (15)  231. 

—  eggs  of,  (2)  47  ;  (7)  304 ;  (8)285 ;  (16) 
91.  114;  (17)  82-84,  93,  96,  104,  106. 

—  eggs  of,  in  Firth  of  Clyde,  (15)  250. 

—  fecundity  of,  (9)  265. 

—  fishing  in  Solway,  (7)  175. 

—  food  of,  (7)  226,  234,  240  ;  (8)  231, 
238,  249,  250 ;  (9)  227,  235,  238 ;  (10) 
215,  223 ;  (20)  487,  527. 

growth  of,  (9)  391. 


growth  of,  in  tanks,  (7)  405. 

in  Loch  Fyne,  (15)  112  ;  (18)  353. 

mature  and  immature,  (8)  172. 

migrations  of,  (21 )  42, 

minimum  size  at  maturity,  (8)  161, 

162,  163. 

multiple  tumours  in,  (3)  66  ;  (4)  214. 

parasites  of,  (18)  150;  (19)  121 ;  (23) 

108. 


—  post-larval  stages  of,  (16)  225,  236. 

—  proportion  of  males  to  females,    (8) 
348,  349  ;  (10)  239. 

relation  of  length  to  weight,   (22) 


144,  214. 

sexual  proportions  of,  (10)  237. 

sinistral  and  dextral  forms  of,  (7) 

326 ;  (18)  363. 

size  at  maturity,  (10)  238. 

spawning  areas  of,  (7)  190 ;  (8)  263  ; 

(15)232;  (21)43;  (23)20. 
spawning  period  of,    (4)  251  ;    (7) 

190;  (8)263;  (10)234;  (15)  232;  (17) 

98;  (21)43. 
Fluctuations  in   the  abundance  of   the 

food  fishes,  (14)134. 
Fluke,  sail.     Set  Megrim. 
Flying.fish  (Exocetw  votUans),  (18)  288. 
Food,  diatoms  as,  (16)  244. 
fishes,   classification  of  marketable, 

by  trawlers,  (21)40. 

development  of, 


(8)  15  ;    (13) 
14,  220 ;  (14)  15,  171. 

development  and    life-history 

of,  (6)  265 ;  (9)  317. 

distribution  of,  (21)  38,  40. 
efiects  of  closure  of  waters  on 


size  of,  (14)  142. 

eggs  of,  (14)  223. 

fluctuations  in  abundance  of, 

(14)  134. 

general  remarks  on  post-larval 


forms,  (6)  269. 

habits  of  young  of,  (4)  214. 
hatched  at  Dunbar,  (13)  8, 


123. 
8,  123. 


9. 


10. 


hatching  and  rearing  of,  (13) 
hatching  of,  (14)  8,  150  ;  (15) 
life-histories  of,  (14)  15,  171. 


migrations  of,  (21)  40. 
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Food  fishes,  rate  of  growth  of,  (13)  15, 
289. 

of  allis  shad,  (20)  533. 

of  catfish,  (20)  312,  &c. 

of  coal-fish,  (20)  313,  &c. 

of  cod,  (4)  134  ;  (20)  307,  &c. 

of  common  dab,  (20)  306,  &c. 

of  common  eel,  (20)  533. 

of  conger,  (20)  308,  &c. 

of  cuckoo  ray,  (20)  536. 

fifteen-spined      stickleback. 


505. 


(20) 


.t\  I 


of  fishes,  (6)  11,  225  ;  (7)  9 ;  (9)  12, 

222 ;  (10)  18,  211  ;  (13)  333  ;  (21)   218. 
of  fishes,  report  on,   (4)   100  ;  (20) , 

486. 

of  five-bearded  rockling,  (20)  519. 

of  food  fishes,  (8)  12,  230. 

of  Fuller's  ray,  (20)  535. 

of  great  pipe-fish,  (20)  534. 

of  greater  sand-eel,  (20)  520. 

of  grey  mullet,  (20)  504. 

of  gurnard,  (22)  28. 

of  haddock,  (4)  128  ;    (6)  225,  230  ; 

(20)  306,  &c. 

of  hag-fish,  (8)  255. 

of  hake,  (7)  240. 

of  halibut,  (20)  308,  312,  &c. 

of  herring,  (4)  102  ;  (6)  225. 

of  lemon  dab,  (20)  306,  Ac. 

of  lesser  silver  smelt,  (20)  528. 

of  long  rough  dab,  (20)  311,  &c. 

of  Macrnrns  Utvin,  (20)  501. 

of  marine  animals,  diatoms  as,  (15) 

215. 

of  minnow,  (17)  174. 

of  plaice,  (20)  306,  &c. 

of  pollack,  (19)267. 

of  porbeagle  shark,  (19)  290. 

of  post-larval  plaice,  (15)  180,  181, 

183;  (16)224. 
post-larval  turbot  and  lemon  dabs, 

(15)  188,  189. 

of  sand-smelt,  (20)  504. 

of  sardine,  (7)  390  ;  (8)  372. 

of  scald-fish,  (20)  524. 

of  shell-fishes,  (13)  333. 

of  shrimp,  (9)  406. 

of  sole,  (9)  390. 

of  straight-nosed  pipe-fish,  (20)  534. 

of  three-spined  stickleback,  (20)  504. 

of  tope,  (4)  213. 

of  turbot,  (20)  312,  313,  &c. 

of  twaite  shad,  (20)  533. 

of  viviparous  blenny,  (20)  501. 

of  whiting,  (5)  317. 

of  young  coal-fish,  (6)  327. 

of  young  cod,  (5)  326. 

of  young  flat  fishes,  (12)  387. 

of  young  Gadid»,  (5)  326. 

of  young  lobster,  (23)  69,  70. 

Foraminifera  of  Loch  Fyne,   (15) 

(16)273. 

of  West  Coast  lochs,  (9)  197. 


165; 


Foreign  countries,   demand  for  Scottish 

fish  in,  (7)  8. 
trawlers  fishing  in  closed  waters  of 

Moray  Firth,  (20)  19. 
^  in  Moray  Firth,  quantity  of 

fish  landed  by,  at  English  penis,  (20)  19. 


Forfar  Loch,  amphipoda  of,  (17)  159. 

cladocera  of,  (17)  160. 

copepoda  of,  (17)  158,  159. 

invertebrate  fauna  of,  (17)  156. 

mullusca  of,  (17)  159. 

ostracoda  of,  (17)  159. 

temperatures  of,  (17)  157. 

Forfarshire,  fishing  grounds  off,  (9)  180. 
Forkbeard,  greater  {Phycis  Mennoides), 

(3)  69  ;  (4)  224 ;  (7)  326. 
lesser,  or  tadpole  hake,   {Rantcep* 

raninuA),  (2)  80;  (15)  111  ;  (18)  284. 

very  young  stages  of,  (15)  209. 

Formaline,  decalcifying  action   of,   (23) 

1.H3. 
Fox  shark.     /sVc  Shark -thresher. 
Fnujilaria  construens,  (9)  274. 

mutairiliH,  (9)  274. 

sliHcUula,  (15)  214. 

nrtMcens,  (9)  274. 

France  as  a  nmrket  for  Scottish-cured 

herrings,  (7)  164. 
fishery  work  in,  (7)  389  ;  (8)  371 ; 

(9)418;  (12)402;  (13)347. 

mussel-growing  in,  (7)  392. 

shrimp  fisheries  of,  (7)  394. 


Frog-fish.    See  Angler. 

Fry  from  hatchery,  method  of  trans- 
porting, (14)  156. 

transported    to    West   Coast, 

(14)  10,  155. 

Fryer,  Mr  C.  E.,  (5)  218 ;  (6)  191. 

Fullarton,  Dr  J.  H.,  (7)  11,  175,  341, 
352,  384 ;  (8)  15,  17,  18.  19,  23,  Ac. 

Fuller's  ray.     Sef  Ray,  Fuller's. 

Fulton,  Dr  T.  Wemyss,  (6)  189,  276; 
(7)  8,  9,  158,  171.  182,  222,  352,  384, 
387;  (8)7,  11,  13.  21,  &c. 

Fultonia  hintuia,  (20)  449,  466. 

Fwttui  retrof^ersuM,  (7)  325. 


Q 


Oadiaifus  araerUeus.     See  Pout,  silvery. 
Gadidap,  food  of  young,  (5)  326. 
lines  of  growth  in  skeletal  struc- 
tures of,  (23)  125. 

young,  as  herring-food,  (4)  127. 


OatluM  ctijleJinuH.     Set  Haddock. 

argenieiLS.     See  Pout,  silvery. 

hlennoidtM.    See  Forkbeard,  greater. 

callarias.    See  Cod. 

vsmarkii.     See  Pout,  Norway. 

luHCUH.     See  Bib. 

merlangus.    See  Whiting. 

miniUua.    See  Poor-cod. 

morrhua.    See  Cod. 

pollachiua.    See  Pollack. 

potUassou.    See  Whiting,  Couch's. 

mrens.     iSee  Coal-fish. 

Oniafhea  aiulreirsiiy  (6)  259. 

dutperM,  (6)  259 ;  (15)  131 ;  (18)  403. 

diitpersa,   mode   of   attachment  of 

eggs  in,  (22)  117. 

intermedia,  (6)  269  ;  (15)  131. 

nexa,{6)259;  (15)131. 

—     «qvamiftra,  (6)  259;  (16)  131. 

strigoaa,  (6)  269  ;  (20)  607. 

Oaleu8  cants.    See  Tope. 
Qalvina  farranif  (16)  117. 


Part  III. — Twenty-third  Annual  Beport 


Oaivina picta,  (IS)  117- 

Qammaraa  cornigera,  (8)  328. 

daahtni.   (13)   188,   244,   24S  i    {14) 

160,  239,  242  i  (16)  :ilS,  330,  322,  331, 

332 ;  (16)  250,  251,  257,  259  ;  (19)  263. 

crfiDaitbii,  (7)  321  !  (8)  332. 

tlegaru,  (8)  3-27. 

loeatta,  (6)  248  ;  (8)  332  ;   (15)  140, 

317 ;  (20)  492,  493,  495,  600,  &c. 

nianniu,  (10)  265  ;  (16)  140. 

puJcr,  (8)  338;   (9)  272,   276,   285, 

289;  (12)288;  (14)239;  (10)320,330, 

to.  ;  (16)  2S7,  25S  ;  (17)  139,  160,  159, 

Ac. 

tabini,  (7)321. 

tpmoau,  (iO)  264. 

ap.,(16)210. 

Oammaropsit  eiylhroplilliaJma,  (6)  248  ; 

(15)141;  (16)  170.  177,210. 

jnacuiala,  (20)  510. 

nana,  (14)  161  ;  (20)  aiO,  520. 

UannelB,  doslructjou  of  herrins  by,  (4) 

68. 
QftrSib  {Btloue  vaigaru),  (18)  287. 

apawning  period  of,  (4)  262. 

"  QarUtid,"  comparison  of  c«tolie«  of, 

with  tboae  of  trawlera,  (19)  19. 
cruBlacea  collected  by,    (IS)   382: 

(19)  236. 
descnptionof,  (0)44;  (11)7;  (14) 

7,  125. 

description  of  net  of,  (8)  178. 

detection  of  illegal  trawling  by,  (9) 

3,  6. 
inability  of,  to  carry  on  the  inve«ti- 

gatioDB  in  Moray  Firth,  (12)  8, 16  ;{13) 

»;  (14)8;  (IB)  8,9;  (20)17. 
inefficiency  of,  for  the  work,  (8)  8 ; 

(9)4;  (10)   11;  (11)  7,  8;  (12)  8,   16; 

(13)7,8;  (14)7,8;  (15)  7,  8;  (10)  7, 

8;  (17)  7,8;   (18)  7,8;   (19)7.  8,9; 

(20)7,  17,29;  (21)7. 
inveri;«brate    fauna    collected    by, 

(14)  153,  155. 
invertebrate  fauiia  taken  in  trawl- 
net  of,  (7)  10 ;   (8)  14,  67  ;   (9)  13,  40 ; 

(10)18,41;    (11)17,41;   (12)20,45; 

(13)  15,  73 ;  (14)  78 ;    (16)  15,  79  ;  (16) 

15,  67. 
invest igationa  of,  into  the  distribu- 
tion, Jec,  of  immature  fiahee,  (7)  5,  15  ; 

(8)  157,  189 ;  (9)  9,  201 ;  (12)  19,  302 ; 
(13)  14,  133. 

iuveatigationa   of,   on   the  food  of 

fiahes,  (7)  8,  222 ;  (8)   12,  230 ;  (9)  12, 

222:  (10)18,211. 
inveatigatiouH  of,  on  nigrstionB  of 

Sshea,  (8)  14,  353;  (10)  18;  (11)   16, 

176 ;  (17)  14,  210. 
investigations   of,  on  oyster-beda, 

(9)  13,  16,  184;  (11)  16;  (14)  13, 
244. 

investigations  of,  on  the  spawning 

and  spawning  grounds  of  fiahea,  (7)  4, 
9,  186 ;  (8)  9,  12,  257 ;  (10)  18,  232. 

liat  of    pelagic  eggs,    larval,   and 

young  fiahea  collectedby,  (8)287  ;  (12) 
298;  (13)268;  (14)15,  — 


(8)1- 


67;(9}13,  40;(10)1S,  41  ;(11) 


17,41;   (12)20,46;   (13)  15,  64  ;  (14) 
63;  (15)  15,64. 
"Garland,"    pelagic    ova,    larvte,    and 
young  fishes  procured  by,  (11)  10,  250 ; 

(13)  14,  15,268:  (15)219,246. 
purchase  of,  (5)  44. 

review  of  trawling  experiments  of, 

from  1886-95,  (14)  12S. 

sale  of,  (21)7. 

temperature    and    physical    obeer- 

vations  by,  in  Abenleen  Bay,  (5)  65: 
(6)  31 ;  (7)  97  ;  (8)  109  ;  (9)  115  ;  (10) 
116;  (11)122;  (12)  116;  (13)88;  (14) 
96  ;  (17)  64. 

Firth  of  Clyde,  (6)  81 ;  (9)  133; 

(14)  98 ;  (16)  94 ;  (16)  74  ;  (17)  65  ;  (18) 
59  ;  (20)  57. 

Firth  of  Forth,  (5)  71  ;  (6)  55 : 

(7)37;  (8)  41;  (9)  40;    (10)41  ;   (II) 

23.  41.  416,  470  ;   (12)  7,  46  ;  (13)  82  ; 

(14)89;  (15)89;  (20)53. 
Montrose,   (8)   107;    (9)   113; 

(10)  115:  (11)121!  (12)113;  (13)88. 
Moray  Firth,  (6)  70  ;  (7)  100  ; 

(6)  116  ;  (9)  121  ;   (10)  120 ;  (11)  126  ; 

(12)123;   (13)89;   (14)96;    (15)91: 

(16)  72 ;  (17)  61  ;  (19)  43  ;  (SO)  62. 
Orkneya,  (8)  119  ;  (9)  132  ;  (13) 

93. 
St.  Andrews  Bay,  (5)  77  ;    (6) 

61  ;  (7)  77  ;   (8)  91  ;  (9)  94  ;    (10)  100 ; 

(11)100;    (12)98;    (13)86;    (14)94; 

(16)  90. 
crawling  experiments  of,  (5)  43  ;  (6) 

2,  25  ;  (7)  3,  15  ;  (8)  8,  '22 ;   (9)  6,  21  ; 

(10)  7,  10,  23  ;  (11)  9,  23 ;  (12)  12,  23  ; 

(13)  11,  17;   (14)  10,  17;   (16)  8,  17: 

(16)  8,  17;  (17)7,  17;  (18)8,  18;  (19) 
8,  17;  (20)8,  17. 

—  Aberdeen   Bay,    (5)    66,    67  ; 

(6)  31  ;  (7)  18,  97  ;  (8)  25,  109  ;  (9)  6. 
24,116;  (10)116;  (11)9,122;  (12) 
13,55,  116;  {14)64;  (17)42. 

Firth  of  Clyde,  (6)  6,  32,  81  [ 

(9)6,24,133;  (12)28;  (13)21;  {14) 
21,58;  (16)  22,  44,  54;  (16)  22,  34, 
49 ;  (17)  10,  23,  44,  65  ;  (18)  8,  SO,  33 ; 
(20)  29,  46. 

— Firth  of  Forth,  (5)  43,  46,  61, 

71  ;  (6)  2,  27,  55,  6.1,  73  ;  (7)  16,  37  ; 
(8)  23,  41  ;  (9)  6,  22,  40 ;  (10)  11,  24, 
41  :  (U)  9,  24,  41  i  (12)  13,  24.  46  ;  (13) 
11,  18,  37  ;    (14)  11,  18,  35 ;  (16)  33  ; 

(17)  11,24;  (20)  10,  11.  12,20-29,38. 
Montrose  Bay,  (7)  16,  18, 97; 

(8)25,107;    (9)6,24,113;    (10)115; 

(11)121;   (12)13,113;    (13)  54;  (14) 

63. 
Mowy  m^  (6)  31,  70  ;  (7) 

15.  100  i   (8)  257116      (9)  6,  24,  121  ; 

(10)  120 ;   (11)  8,  126     (12)  13,  23,  27. 

123;  (13)  12  20,65;  (10) 

18,  38,  63  ;  I  ;  (17)  8,  18, 

35,  SS  ;  (19)  8,  44.  . 
trawling                          af,  Orkneys, 

(8)  26,  119  ;  J2. 

— St.   Andrews  Bay,  (5)  64,  65, 

77  ;   (B)  2,  29,  61,  67,  78  ;   (7)  18,  77  ; 

(8)  23,  91  ;    (9)  6,  23,  94  ;  (10)  II,  26, 

100;  (11)9,26,  100;   (12)13,25,  98  ; 
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(13)  11,  19,  50;   (14)  11,  19,  49  ;  (15) 

36;  (17)11,24. 
"Garland,"  west  coast   expedition    of, 

(11)  167. 
work  of,   in    connection  with  the 

natural  history  of  fishes,  (6)  26,  33,  36; 

(7)4,8,  15;  (8)7,23;  (9)11.21;  (10) 

7,  12,  17;  (10)20,23;  (11)  18,  19,23; 

(12)7,  19,20,23;  (13)7,  13,  14,  17; 

(14)7,  15,  17;    (15)7,  13,  14,  16,  16; 

(16)  7  ;  (17)  7,  13,  14 ;  (18)  7,  8,  19. 
Garry  Loch,   Ailsa  Craig,  invertebrate 

fauna  of,  (16)250. 
(JarsUng,  Mr  W.,  (8)  361. 
OoMterostetis  acideatus.     See  Stickleback, 

three-spined. 
spinachia.    See  Stickleback,  fifteen- 

spined. 
Oastropsetta,  (18)  356. 
Oastrosaccns  spinifer^  (6)  254  ;  (16)  158, 

160,  209  ;  (19)  277  ;  (20)  510,  513,  516, 

535. 
Omidry\naJiliformyif'{%)  315. 
Oemeliaria  loriccUa,  (15)  156. 
Germany,  fishery  work  in,  (6)  303;  (8) 

375  ;  (9)  403  ;  (10)  343. 
as    a    market    for    Scottish-cured 

herrings,  (7)  167. 
Fishery  Association  of,  (6)  203;  (9) 

403. 
fishery  expedition  of  the  *'  HoLsatia" 

in  the  Baltic,  (9)  407. 
fishery  expedition  of  "  Sophie,"  (9) 

405, 406.  % 

fisheries,  development  of,  (9)  404. 

diminution  of  catches,  (9)  405. 

fishery  statistics  of,  (9)  403. 

imports  of  herring  into,  (9)  406. 

Kiel  Commission,  work  of,  (6)  14, 

303 ;  (9)  407. 
minimum  legal  sizes  for  fishes  in,  (6) 

Oibbula  dneraria,  (15)  122. 

magiiSt  (15)  122. 

tumida,  (15)  122. 

umhUiccUa,  (15)  122. 

Gibson,  Mr  James,  (9)  177. 

Dr  John,  (4)  189  ;  (5)  331 ;  (6)  309 ; 

(7)  409. 
Giglioli,  Professor  H.,  (6)  276,  308;    (7) 

401;   (8)353,376;   (9)422;   (10)353; 

(11)487;  (13)16. 
Gilt-head.     See  Pagrwt  aurcUuA, 
Oitana  rnrgi,  (8)  325  ;  (17)  265  ;  (20)  478. 
Globigerina,  (15)  306,  308,  310  ;  (20)  610. 
Qlobigerinidce,  (7)  311,  316;  (15)  167. 
Olobulina  gthba,  (7)  315. 
Glutinous  Hag.     See  Hagfish. 
Olycera  tessdcUa,  (15)  169. 
Olycimtris  gentrosa,  (7)  341. 
Olypfocephaltu,  (18)  353. 
Giiathia  maxUlaris,  (16)  168,   210;   (18) 

180 ;  (20)  510,  616. 
Gobin,  M.,  (9)420. 
Oohius.    See  Goby. 

nUhenaparri,  (4)  232 ;  (16)  110. 

spawning  period  of,  (4)  246. 

8p.,(17)125. 

Goby,  black  (OMus  niger),  (16)  110 ;  (18) 

278. 


Goby,  Jeffrey's  {Oobiusjejffreysii),  (18)278. 

parasites  of,  (19)  138. 

post-larval  forms  of,  (7)  309. 

post-larval  form  resembling  a,  (13) 

232. 
spotted  or  speckled  {Gobius  mintUus), 

(4)  232 ;  (15)  110  ;  (18)  278  ;  (20)  516. 

food  of,  (20)  487,  494  ;  (23)  157. 

parasites  of,  (18)  162 ;  (19)  128. 

two-spotted  {Gobitis  flavesctna),  (18) 

278. 
Goldsinny  (CrenHahrm  mdopM)^  (18)  281. 
Jago's  {Cteno/abniM   rupestris),    (4) 

232;  (15)  111  ;  (18)281. 

eggs  of,  (4)  223  ;  (17)  83,  93,  94,  96. 

parasites  of,  (20)  292. 

spawning  of,  (4)  223. 

Gompnonema  acuminata^  var. ,  (9)  274. 

capUatunif  (9)  275. 

inlriccUum,  (9)  274. 

oHvaceum^  (9)  274. 

Gaiiiodorvi  nodosa^  (15)  116. 
Gonoplax  angtdcUa,  (15)  168. 
Gotch,  Mr  Francis,  (6)  279. 
Gourret,  Dr  Paul,  (9)  419. 
Grantia  ciiiaia,  (16)  164. 

compressaj  (15)  164. 

Graptoleberis  reticulata,  (11)  233. 

testudinaHits,  (11)  233;  (12)  286,  288; 

(13)188.245.250;   (14)239;   (15)330, 

333;  (17)  145,  173. 
Gray.  Mr  D.,  (7)  365. 
Grayling  (Thymallua  mUgaria),  parasite 

of,  (18)  179. 

spaA^ning  period  of,  (4)  262. 

Greater  argentine.      See  Smelt,  greater 

silver. 

forkbeard.    See  Forkbeard,  greater. 

silver  smelt.       See  Smelt,  greater 

silver. 

weever.     See  VVeever,  greater. 

Greece  as  a  market  for  Scottish-cured 

herrings,  (7)  163. 
Green,  Rev.  W.  Spotswood,  (9)  394. 
Green-cod.     See  (xMtl-fish. 
Greenfield,  Professor  W.  S.,  (4)  176  ;  (6) 

331  ;  (6)  21. 
Greenland  shark.    See  Shark,  Greenland* 

whale.     See  Whale. 

Grey  gurnard.     See  Gurnard,  grey. 

mullet.     See  Mullet,  grey. 

skate.     See  Skate,  grey. 

Grounds,  effects  of  change  of,  on  fishery 

statistics,  (21)  38. 
Ground  seines,  fishing  by  means  of,  (8) 

190. 
Growth  of  fishes,  (9)  327,  328 ;  (10)  7, 282, 

283,  328:  (11)  192,265,490;  (12)333; 

(13)  289 ;  (20)  326  ;  (22)  141. 
, coalescence   of  sizes  of  older 

generations,  (20)  333. 
comparative,  of  round  and  flat 

fishes,  (20)  334. 
description    of    small-meshed 

net  used  in  collecting  fishes,  (20)  327. 
different  in  males  and  females, 


(20)  333. 


129. 


in  relation  to  locality,  (20)  336. 
lines  of,  in  opercular  Dones,  (23) 
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Growth  of  fishes,   lines  of,  in  otoUths, 

(23)  128. 

in  skeletal  structures,  (23)  125. 

rate    of,    in    relation    to    season, 

.(17)  239. 
influence  of  temperature  on, 

(20)  335  ;  (22)  159. 
methods  of  determining,  (20) 

326. 


-  relation  of  length  to  weight, 

(22)  142. 

remarks  on,  (3)  fi4. 

researches    on,    in    Denmark, 

(13)  340. 

tank  experiments  on,  (17)  232. 

of  ovarian  eggs  of  teleostean  fishes, 

(16)  88. 

variability,  (18)212. 

of  angler,  (21)  186,  189. 

of  armed  bullhead,  (21)  76. 

of  brill,  (9)  391  ;  (11)  195. 

of  catfish,  (11)271. 

of  cod,  rate  of,  (11)  195  ;  (15)  176  ; 

(19)  154,  214;  (23)  128,  130,  137. 

young,  (5)  243. 

in    tanks,    (5)  235  ;   (7)   404  ; 

(19)  228. 

of  Carcinna  mtFims,  (21)  163. 

of  common  dab,  (11)  194,  265  ;  (20) 

335,  360,  370. 
relative  of  male  and  female, 

(20)  371. 

of  edible  crab,   rate  of,  (18)  113; 

(22)  125. 

of  five-bearded  rockling,  (15)  208. 

of  flounder,  (9)  391. 

in  tanks,  (7)  405. 

of  grey  gurnard,  (17)  210,  228  ;  (11) 


267. 


of  haddock,  (5)  48  ;   (15)  198  ;  (19) 

154,  190  ;  (20)  334,  401. 

of  halibut,  (22)  287. 

of  herring,  (4)  48  ;  (5)  235 ;  (14)  294. 

of  lemon  dab,  (11)  195,  271. 

of  lesser  weever,  (21)  71. 

of  ling,  (11)269. 

of  lobster  (23)  85,  95. 


of  long   rough  dab,  (16)  245;  (20) 

372. 
comparison     of,    in    different 

i-egions,  (20)  385. 
of  Norway  pout,  (19)  154,  155  ;  (22) 

195. 
of  plaice.  (11)  192  ;    (17)  232 ;  (20) 

334,  337  ;  (23)  125,  133. 
comparative  rate  of,  in  Scot- 
land and  Denmark,  (17)  246. 
comparative,   of  females   and 

males,  (20)  356. 

in  Solway  Firth,  (20)  346.         « 

on  East  Coast,  (20)  347. 

relation  of  temperature  to,  (20) 

342. 


results  of  Dr  Petersen's    ob- 
servations on,  (17)  239. 

—  of  small  plaice  arrested  in  winter, 
(20)342. 

—  of  sardine,  (8)  374. 

—  of  sharp-tailed  Lumpenus,  (22)  202. 

—  of  sole,  (9)  391. 


Growth  of  sprat,  (22)  171. 

of  starry  ray,  (21)  230. 

of  turbot,  (11)  195. 

of  whiting,  (8)  175;  (11)  196;  (15) 

204  ;  (19)  154,  166  ;  (20)  335,  386. 
in  different  regions  compared, 

(20)  399. 

of  witch,  (22)  186. 


—     ^ — y    ^ ,     — . 

Guerne,  Baron  Jules  de,  (11)  21,  487  ; 

(13)  16. 
Ouemia  coalUa,  (8)  326;  (17)  265;  (19) 

262 ;  (20)  478. 
Oninardiajlaccidaf  (15)  214. 
Onnenotophonis  globtUarvif  (18)  387. 
(4unn,  Dr  R.  Marcus,  (6)  280. 
Gunnel  {PhofM  gunnd/us),  (4)  2.12  ;   (15) 

110;  (18)280;  (23),  157. 

food  of,  (20)  486,  600. 

parasites  of,  (20)  298. 

post-larval  forms  of,  (7)  309. 

spawning  time  of,  (4)  213. 

young  stages  of,  (9)  326. 

Gurnard,  cuckoo,    -^ee  Gurnard,  red. 
grey  (Trigla  gumardus)^  (4)  232; 

(9)306,310;  (15)  110. 

abnormal  egg  of,  (9)  322. 

age  at  maturity,  (17)  231. 

anatomy  of  the  pectoral  arch 


of,  (12)  322. 

caught  chiefly  by  day,  (17)  230. 

cross-fertilisation      of,      with 

whiting,  (8)  358. 

distribution  of  adult  and   im- 


mature, (8)  176. 

distribution  of  eggs  of,  (15)239. 

distribution  of  eggs  of,  in  Firth 


of  Clyde,  (15)249. 

eggs  of,  (2)  47  ;    (7)  305  ;   (8) 


285;  (16)  91,  114,  115  ;  (17)  82-84,  93, 
96. 

fecundity  of,  (9)  249. 

food  of,  (7)  227,  233,  &c.  ;  (8) 


231,  238,  247,  250-256 ;  (9)  227,  &c  ; 
(10)  215,  224,  230 ;  (20)  486,  490  ;  (21  > 
219  ;  (22)  29. 

intraovarian  eggs  of,  (16)  96. 

mature  and  immature,  (8)  176. 

migrations  of,  (17)  210. 

-  migration    of  immature,    (17) 


227. 
minimum  size  at  maturity,  (8) 

161,  162,  163  ;  (17)  223. 

on  deep-water  grounda,  (21)  24. 

parasites  of,  (18)  150, 163, 169, 


180,  (19)  132,  134,  147  ;  (23)  115,  116. 
proportion  of  males  to  females. 


(8)  349. 


(22)235. 


rateof  growth  of,  (17)211,228. 
relation  of  length  to  weight, 


relation  of  migrations  to  repro> 
duction,  (17)  222. 

seasonal  distribution  of  post- 


larval,  (17)  229. 

sexual  proportions  of,  (10)  239. 

size  at  maturity,  (10)  238. 

spawning  areas  of,  (15)  241. 

spawning  of,  (7)  193  ;  (8)  268. 

spawning  period  of,  (4)  244 ; 

(10)234;  (15)240;  (17)222. 
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(lurnard,    Lanthorn     {Trigla    ohscui'a)^ 

spawning  period  of,  (4)  244. 
red  or  cuckoo  {Trigla  cuctUiis)^  (4) 

206  ;  (18)  275. 

eggs  of,  (16)  114,  115  ;  (17)  93. 

food  of,  (20)  487,  489. 

on  East  Coast,  (20)  540. 

parasites  of,  (19)  143. 

spawning  period  of,  (4)  244. 

Sapphinne  ( Tngla  hirumlo),  (2)  80  ; 

(4)206;  (18)276;  (19)  143. 

food  of,  (20)  487,  489. 

parasites  of,  (20)  299. 

spawning  period  of,  (4)  244. 


—  streaked  {Trtgfa  lineatu),  (4)  232; 
(15)  110;  (18)275. 

parasites  of,  (19)  133,  143 ;  (23) 


115. 


spawning  period  of,  (4)  244. 


Gut-poke  in  herring,  (4)  40. 
G^ftnnachirus,  (18)359. 

fasciatusy  (18)  358. 

Oymnomera^  (11)  234. 
(rypsina  inhoTeiiSy  (15)  167. 


H 


Haddock   (Gculus  aylejinaf)^  abundance 

of  small,  (18)282;  (21)  32. 
age  of,  at  maturity,  (19)  214  ;    (20) 

410. 


—  arrangement  of  muscles  in,  (4)  168. 

—  average  size  at  maturity,  (22)  153. 

—  digestibility  of,  (5)  228. 

—  digestion  in,  (2)  40. 

—  dispersal  of,  after  spawning,  (21) 
20,22. 

—  distribution  of  adult  and  immature, 
(8)  174. 

—  distribution  of  effgs  of,  (15)  224. 
duration  of  development  of,  accord- 


ing to  temperature,  (19)  211. 

egKS  of,  (7)  306;  (8)284;  (16)  91, 


114,  115  ;  (17)  82-84,  93.  96,  103,  106. 

—  eggs  of,  in  Firth  of  Clyde,  (15)  249. 

—  fecundity  of,  (9)  255. 

—  feeding  on  fish-eggs,  (4)  133. 

—  feeding  on  herring-eggs,  (4)  133. 

—  food  of,  (4)  128;  (6)  225,  230;  (7) 
229,  233,  &c.  ;  (8)231,  241,  kc.  ;  (9) 
229,  235-242;  (10)  216,  226,  231 ;  (20) 
306,  486,  &c. 

growth  of,   (5)  48,  240;  (15)  198, 


199  ;  (19)  154,  190 :  (20)  334,  401. 

—  habitat  of  ycmng  of,  (15)  196. 

—  habits  of  young,  (4)  208. 

—  hatching  of,  in  U.S.A.,  (13)  339. 

—  hermaphroditism  in,  (9)  352. 

—  intraovarian  eggs  of,  (16)  96. 
large  old  specimens  of,  inshore,  (21) 


35. 

large  specimen  of,  (6)  265. 

larval  and  poet-larval  stages  of,  (19) 

211. 

life-history  of,  (15)  194. 

mature  and  immature,  (8)  174. 

mental  activity  of,  compared  with 


whiting  and  codlings,  (22)  163. 
—  minimum  size  at   maturity,  (8)  161, 
162,  163. 


Haddock,  on  deep-water    grounds,   (19) 

289. 
parasites  of,  (18)  177 ;  (19)  121,  135  ; 

(23)  108. 

pelagic  habit  of  young,  (20)  401. 

proportion  of  immature,  landed  by 


trawlers,  (22)  19. 

—  proportion  of  males  to  females,  (8) 
349;  (10)239. 

—  proposals  for  hatching  of,  (5)  240. 

—  relation  of  length  to  weight,  (22) 
144,  145,  226,  241. 

rises  from  bottom  after  spawning, 


(19)289. 

—  sand-eel  embedded  in  liver  of,  (3)  70. 

—  scarcity  of  very  small,  on  bottom, 
(19)  289. 

—  sexual  proportions  of,  (10)  239. 
size  at  first  maturity,  (10)  238  ;  (19) 


213. 
—  sizes  of,  (14)  144. 

size-limit  between  mature  and  im- 


mature, (22)  18. 
spawning  period  of,   (4)  246 ;    (7) 

103 ;  (8)  265 ;  (10)  232,  234  ;  (17)  97  ; 

(19)  211 ;  (21)  20,  21,  28. 

tumour  on,  (10)  323. 

young,  different  habitat  from  young 

cod  and  whitine,  (8)  174. 
Norway  or  %rgylt,   {Sthatlcjt  nor- 

i-egiais),   (4)  222;   (19)  288;    (22)   20, 

21,  23,  28,  29. 

food  of,  (20)  489 ;  (21)  218. 

spawning  period  of,  (4)  244. 

Haddon,   Professor  A.  C,  (6)  281  ;  (7) 

387. 
Haeckel,  Professor,  on  plankton  investi- 
gations, (9)  407. 
Hf^mobaphts  ambiguns,   (18)    162 ;    (20) 

298. 
-^  cyrhpterina,  (9)  310  ;  (18)  162  ;  (20) 

298. 
Hffnunm^  i.wax,  (9)  275. 
Hagfish  {Myxine  giufiiumL)^  (8)  177,  375  ; 

(18)293. 

caught  on  lines,  (3)  66. 

eggs  of,  (3)  66. 

food  of,  (8)  255. 

matnre  and  immature,  (8)  177. 

reproductive  organs  of,  (3)  66. 

spawning  of,  (8)  269. 

structure  of  tail  of,  (4)  211. 

Hake  {Merlwcius   vulyana),    (10)    262 ; 

(15)111  ;  (18) -283;  (21)62. 
caseous  tumours  in  muscles  of,  (3) 

76. 

distribution  of,  (21)  62. 

eggs  of,  (17)  93. 

food  of,  (7)  240. 

mature  and  immature,  (8)  177. 

parasite  of,  (18)  166,  175,  178;  (19) 

135,  148. 

spawning  period  of,  (4)  248 ;  (7)  195. 

young  of,  (8)  177 ;  (21)  63. 

ffalecium  murieatum,  (15)  164. 

Halia  trispinoaa,  (6)  253. 

Halibut  (Hippoglonu  wdgarut),  (8)  265  ; 

(15)  112  ;  (18)  284,  352  ;  (21)  53. 

composition  of,  (5)  228. 

digestibility  of,  (5)  228. 
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Halibut,  distribution  of,  (21)  53. 

eggs  of,  (4)  224 ;  (10)  285  ;  (11)  244  ; 

(16)91,  114;  (17)82,  83,96. 

fecundity  of,  (4)  224  ;  (9)  261. 

food  of,  (20)  308,  &c. 

general  size    of    those    caught    by 

trawl,  (21)  53. 

growth  of,  (22)  287. 

nursery  of  young  of,  (9)  182. 

parasites  of,  (18)  151, 159, 174  ;  (19) 


106,  140,  142. 

relation  of  length  to  weight,  (22) 


220. 

—  ripe  esgs  are  pelagic,  (4)  224. 

—  sexual  proportions  of,  (10)  239. 

—  spawning  period  of,   (4)  249  ;    (7) 
192  ;  (10)  234. 

young  specimens  of,  (4)  209;  (10) 


285. 
Halichondria  albescens ^  (15)  165. 

paniceaf  (15)  165. 

Hadimedon  miUleri,  (10)  263. 

parmmanm,  (10)263;  (15)139;  (20) 

491,  503,  510,  513,  523. 
ffalirages  bispinosus,  (6)  247.  • 
HcUisarca  dujardiniij  (15)  165. 
Halliburton,  Dr  W.  D.,  (4)  171. 
HcUoaphora  inridis,  (15)  298,  302. 
ffalo^ydna  gelatiiumif  (15)  160. 
Haminea  hydatiSf  (15)  116. 
Hansen,  Dr,  (22)251. 
ffaploops  selosa,  (15)  138. 
tnbicola,  (12)  263  ;    (17)  264  ;    (20) 

478 ;  (20)  523. 
Haplophragmium  canariense,  (8)  322;  (15) 

166. 

pseudospirale,  (7)  313;  (15)  166. 

Harmer,  Mr  S.  F.,  (8)361. 

Harpactichs  chelifeVy  (4)  152  ;    (6)  240 ; 

(15)  152  ;  (20)  505. 

/cxi«,  (8)  319  ;  (16)  269. 

fulvuH,  (6)  241. 

iiohelisy  (6)  240. 

cbscurw^  (13)  170. 

Hniremis,  (23)  147. 

Harper,  Mr  Donald,  (9)  177. 
ffarpina  crenidata^  (17)  264. 

plumosay  (6)  246. 

Harpinia  creiiulaiay  (20)  491. 

negfecta,  (15)  138  ;  (20)  497,  503,  610, 

516,  523. 

pectinata,  (22)  243.  257. 

Harporhynchwi  faUcatiuiy  (11)  234;    (13) 

188,  245,  250 ;  (14)  168,  239  ;  (15)  333  ; 

(16;  252,  258,  260 ;  (17)  140,  185,  &c.  ; 

(20)  505. 
Harvey,  Rev.  Mr,  (11)  21. 
Hatcheries  for  sea-fish,  (8)  7. 

in  U.S.A.,  (13)  337. 

proposals  for,  in  Firth  of  Forth,  (5) 

240. 
Hatchery,  collection  and  acclimatisation 

of  the  spawners,  (13)  124. 
difficulties  with  spawning  fishes,  (16) 

222. 

distribution  of  the  fry,  (13)  129. 

Dunbar,      space      insufficient     for 

spawners,  (13)  9. 

• erected  at  Dunbar,  (10)  9,  192. 

expense  of,  (21)  181 ;  (23)  8,  121. 


Hatchery,  experiments  with  lemon  soles, 
(13)  131. 

fishes  in  the  pond,  (13)  125. 

filtration  of  water  at,  (13)  123. 

for  sea-fishes  at  Dunbar,  (13)  7,  123. 

for  sea-fish  at  Dunbar,  account  of, 

(12)  196. 

for  Lancashire  Sea  Fisheries  Com- 
mittee, (13)334. 
French,  at  St.   Vaast  la  Hougue, 

(13)  345. 

hatching  process  at,  (13)  127. 

irreffular  spawning  at,  (13)  126. 

nunibers  hatched  at,  (13)  130. 

proposed  for  Cromarty  Firth,  (5)  241. 

report  on  operations  at  Bay  of  Nigg, 

(19)  229 ;  (20)  440  ;  (21)  180 ;  (22)  282  ; 

(23)  120. 

report  on  operations  at  Dunbar,  (12) 


210;  (14)150;  (16)219;  (17)205;  (18) 

330. 
specific  gravity  of  the  water  at,  (13) 

127. 

temperature  of  water  at,  (13)  128. 

Hatching  and  rearing  of  food  fishes,  ( 10) 

8;  (13)8. 

of  cod,  (12)  11. 

in  America,  (3)  84. 

in  Norway,  (17)  208. 

results  of,  in  Newfoundland, 

(13)  335. 

of  crabs,  (21)  181  ;  (23)  164. 

of  food-fishes,  (12)  8 ;  (14)  8,  150. 

of  lemon  ftoles,  (12)  11,  207  ;    (14)  9, 


151. 


of  lobsters,  (12)  11 ;  (21)  181  ;   (23) 

65. 
of  plaice,  (12)  10,  204,  210;  (14)  9, 

152;  (16)219;  (18)330;  (19)229;  (20) 

441;  (21)  180;  (22)262. 

of  sea-fish,  (5)  230 ;  (11)  13. 

best  conditions  for,  (9)  391. 

discussion  on,  (5)  232. 


—  need  of,  (9)  4,  6. 

in  Canada,  (9)  396 ;  (13)  493. 


in  Denmark,  (9)  412. 

in  France,  (9)  420. 

in  Newfoundland,  (9)  398  ;  (11) 

13,  495. 
in  Norway,  (9)  409 ;    (11)  13, 

496. 

in  United  States,  (9)  401,  402. 

of  soles,  (12)11,205. 

of  turbot,  (12)  11,  206;    (13)   131  ; 

(14)  10,  150;  (16)219. 
HawUorius  arenarius,  (10)  264. 
Heape,  Mr  W.,  (6)298. 
Hebridean  smelt.    See  Smelt,  lesser  silver. 
Hebrides,  fauna  of  lochs  in,  (13)  237. 
Heincke,  Professor  F.,  (9)  405 ;  (10)  .343, 

345;   (11)21,487;   (13)16;   (17)274; 

(18)335;  (23)129. 
on  the  characters  of  sprats  and 

herrings,  (2)  53. 
Helcion  pelluctdumt  (15)  122. 
Heligoland  in  relation  to  German  fisheries, 

(9)404. 
Helix  Tiemorcdis  and  H,  aspersa  as  bait, 

(7)366. 
Helleria  coalUa,  (8)  326. 


oftht  Fishery  Board /or  Scotland, 
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Hemidiscua  euneiformisy  (15)  300. 
Hemilamprops  asHimUis,  (4)  134. 

crUtata,  (4)  164. 

rosea,  (4)  164  ;    (15)  134  ;   (17)  267 

(19)  274  ;  (20)  510,  513,  522. 
ttniplicata,  (4)  165 ;  (15)  134. 


HemimysiH  lamoma:,  (15)  133  ;  (16)  158, 

162,  209  ;  (17)  268. 
Hemirhonibus  aramcLca,  (18)  356. 
Henricia  8anguinolenta,   (15)   161 ;    (20) 

310,  319,  324. 
Hensen,  Profesaor  V.,  (6)  304;  (9)  177, 

407;  (17)  100. 
Herbertson,  Mr  A.  J.,  (11)  20,  395;  (13) 

15,302. 
Herdman,  Professor  W.  A.,  (7)  384;  (8) 

362  ;  (9)  392  ;  (11)  492 ;  (12)  387. 
Hemuxa  bifida,  (15)  117. 
HermaneUa  artnicola,  (16)  270 ;  (18)  399. 

rostrata,  (12)  259. 

Hermaphroditism  in  a  haddock,  (9)  352. 

in  the  cod,  ^13)  297. 

ffermione  hystrix,  (15)  160. 
Herpetocypris  rtpt^ns,  (14)  239  ;  (15)  318, 

321,  333  ;  (16)  252  ;  (17)  140,  159,  164, 

167,  168.  183. 

strigcUa,  (15)  321 ;  (16)  252;  (17)  164, 

168,  183,  190. 
tume/acla,  (14)  168;  (17)  159,  164, 


183. 

Herring  {Cflupea  harengus)  (18)  288. 

acclimatised  to  fresh  water,  (4)  210. 

acclimatised  to  fresh  water  killed 

by  sea-water,  (4)  210. 

action  of  putrifying  fish  on  move- 
ments of,  (2)  66. 

action  on  deposited  herring  spawn, 

(18)  263. 

as  bait,  (7)  352,  356. 

attacked  by  squids,  (3)  67. 

"  bank  herring  "  of  Baltic,  (17)  284. 

carbo-h^ditites  in  liver  of,  (2)  38. 

caught  in  bag-nets  fishing  for  sprats. 


(23)  157. 


in  otter- trawl,  (21)  65. 
in  trawl-nets  in  deep  water  in 

North  Sea,  (19)  288. 
in  deep  water  in  Loch  Fyne, 

(18)  253. 

characters  of  sexes  of,  (4)  93. 

close-time  for,  (4)  69. 

coast-,  or  spring-spawners,  (17)  281. 

collection  of  statistics  of,  in  Clyde, 

(4)  61. 

composition  of,  (5)  228. 

condition  of  ripe  ovaries  in,  (4)  96. 

daylight  fishing  for,  (4)  58. 

description  of  maties,  (4)  75. 

destruction  of,  by  gannets,  (4)  68. 

of  young  of,  in  kuU  or  bag-nets 

in  HolUnd,  (8)  366,  367. 
of  young  of,   by  bag-nets,  (2) 

58  ;  (4)  98  ;  (23)  156. 

development  of,  (3)  32 ;  (4)  31. 

of  embryo  of,  (3)  44. 

devoured  by  skates,  (4)  103. 

devours  pelkffic  eggs,  (17)  119. 

difference   of    larval,    from    larval 

sprat,  (6)  304. 
digestibility  of,  (5)  228. 


Herring,  digestion  in,  (2)  36,  37. 

digestive  organs  of,  (2)  33,  41. 

distinctions  from  sprat,  (2)  48. 

distinctions     from     sprats    when 

younc;,  (4)  100. 

distribution  on  bottom,  (21)  66. 

eggs  of,  (3)  32,  35,  58  ;  (16)  91. 

action  of  beam- trawl  on,  (3)  59. 

artificial  fertilisation   of,    (2) 


68  ;  (3)  36. 

change  of  volume  in,   during 

maturation,  (16)  141. 

development     of,      in      deep 

water,  (4)  43. 

devoured  by  cod,  (4)  135. 

devoured  by  haddock^  (4  133. 

—  duration  oi    development   of. 


(6)306. 


size  of,  (4)  96. 


embryo  of,  (3)  47 

enemies  of,  (4)  58  ;  (18)  269. 

enquiry  as  to  occurrence  of  ripe,  in 

eastern  part  of  North  Sea,  (9)  405. 
enquiry  in   Canada  regarding  the 

cure  of,  (8)  364. 
enquiry  on  action  of  seine-net  in 

fishery  for,  (18)  243. 

fecundity  of,  (4)  95 ;  (9)  267. 

-  —  feeding  in  ripe  concUtion,  (4)  95. 

discrimination  in,  (4)  103. 

on  fish-eggs,  (4)  127. 

on  herring  eggs,  (4)  127. 

on  sand-eels,  (4)  127. 

^~ on  young  herrings,  (4)  126. 

on  young  sprats,  (4)  126. 

feeds    chiefly     oetween    spawning 

periods,  (4)  103. 

fins  of,  (5)  270,  272. 

Fishery  Acts,  review  of,  (18)  242. 

fishery,  disputes  between  seiners  and 

drifters,  (18)  246. 
in  Firth  of  Clyde,  method  of 

fishing,  (18)  249. 

in  Loch  Fyne,  (4)  47 ;  (18)  262. 

in    Loch  Fyne,  statistics    of, 

(18)  256. 
in  Loch  Fyne  and  Kilbrennan 

Sound,  statistics  of,  (4)  56. 

in  HolUnd,  (13)  340. 

in  Sweden,  (12)  396. 

in      Sweden,      adoption      of 

Scottish  methods  in,  (9)  408. 

regulations  regarding    use    of 


seine  in  Loch  Fyne,  (18)  242. 
Royal  Commission  of  enquiry 

as  to  use  of  seine,  (18)  245. 
signs     of     the     presence     of 

herrings,  (18)  255. 
use  of  small-meshed  nets   in, 


(6)  295. 

—  food  of,  (2)  35 ;   (4)  48,   102, 

(6)  225,  228  ;  (20)  487,  629. 

in  Loch  Fyne,  (4)  126. 

on  East  Coast,  (4)  127. 


105; 


on  West  Coast,  (4)  128. 

young,  (3)  50. 

functions  of  pyloric  appendages  in, 

(2)37. 

growth  of,  (3)  60 ;  (6)  236 ;  (14)  294 ; 

(23)  127. 
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Herring,  growth  of,  in  Loch  Fyne,  (4)  48. 

Urval,  (14)  16,  294. 

gut-poke  in,  (4)  49. 

Iceland,  race  of,  (17)  282. 

influence  of  mesh  on  size  of  takes, 

(4)  66,  75. 
of  temperature  on  spawning  of 

herring,  (6)  306. 
investigation    on    development    of 

Zuiderzee,  (6)  306. 
lines  of  growth  in  otoliths  of,  (23) 

127. 

local  form  or  race  of,  (17)  279. 

maturity  and   immaturity    of,    (4) 

68 ;  (8)  187. 
migrations  of,  (2)  62 ;    (4)  52,  68  ; 

(11)191;  (17)286. 

experiments  on,  (10)  173. 

minimum  size  at  maturity,  (4)  96. 

Meyer's  experiments  on  growth  of, 

(3)  49. 

natural  history  of,  (17)  274. 

natural  history  of  winter,  (23)  164. 

nets,  description  of,  (18)  260. 

"  Northern  Bank,"  (17)  283. 

of  White  Sea,  (17)  285. 

of  Zuiderzee,  (8)  366,  367. 

parasites  of,  (19)  145. 

percentage  ripe  in  various  months, 

(4)  95. 

proportion  of,  in  **  whitebait,"  (4)  98. 

taken    in    sprat    fishing,    (23) 

157. 
of  sexes  of,  (4)  93  ;   (8)  350  ; 

(10)  2:19. 

qualities  of  Loch  Fyne,  (4)  49. 

race  of  autumn-,  or  sea-,  of  southern 

North  Sea,  Skagerak,  and   Kattegat, 

(17)283. 

autumn-  or  sea-,  of  southern 


North  Sea,  (17)  284. 

-  autumn-  or  sea-,  of  Baltic,  (17) 


284. 


(17)  283. 


at  Ballantrac,  (17)283. 

coast,  of  northerly  Nortli  Sea, 


in  Englisli  Channel,  (17)  285. 

in  Firth  of  Forth,  (17)  283. 

in  Loch  Fyne,  (4)  48,  53. 

of    southern    North    Sea  and 

West  Baltic,  (17)  283. 

spring-,  at  Bohusliin,  (17)  283. 

spring-,  of  Norway,  (17)  282. 

races  of,  considered,  (4)  61  ;  (17)  275. 

racial   distinction    of    winter    and 

summer  fish,  (5)  300. 
relation     between     characters     of 

*  *  races  "  of,  and  environment,  (17)  285. 
relation  of,  to  abundance  of  cope- 

poda,  (17)  115. 

to  **bank  waters,"  (17)  286. 

length  to  weight,  (22)  144, 148, 


Herring,    Scottish-cured,    Austria  as  a 

market  for,  (7)  168. 
Belgium  as  a  market  for,  (7) 

165. 


166. 


167. 


236. 


(17)  286. 


of  size  of,  to  salinity  of  water. 


of  fishery  at  Ballantrae  to  Loch 
Fyne  fishery,  (4)  67. 

retention  of  vitality  in  ova  and  milt 


of,  (4)  32. 

—  ripe  milt  of,  (3)  33. 


163. 


Denmark  as  a  market  for,  (7) 

France  as  a  market  for, 
Germany  as  a  market  for,  (7) 

Greece  as  a  market  for,   (7) 

Italy  as  a  market  for,  (7)  163. 
Montenegro  as  a  market  for, 

Netherlands  as  a  market  for, 

Norway    and    Sweden    as    a 
market  for,  (7)  166. 

Roumania  as  a  market  for,  (7) 


(7)  163. 


(7)  165. 


164. 

Russia  as  a  market  for,  (7)  167. 

Servia  as  a  market  for,  (7)  163. 

Spain  and  Portugal  as  markets 

for,  (7)  163. 

Switzerland  as  a  market  for, 


(7)  166. 


164. 


Turkey  as  a  market  for,  (7) 

United  States  as  a  market  for, 

(7)  169. 

—  sea-,  or  autumn -spa  wners,  (17)  281. 

—  seine-net  fishing  tor,  (16)  14. 
seine-net,  alleged   injurious  action 


of.  (18)  253,  255. 

—  sexual  maturity  of,  (4)  94. 

—  size  of,  (4)  65,  69,  72,  75 ;  (6)  316. 

—  skeleton  of,  (6)  257. 

—  skull  of,  (5)  274. 

—  **  Southern  Bank,"  (17)  284. 
spawning  ground  at  BaUantrae,  (2) 


64. 

—  spawning  grounds  of,  (9)  11,  178. 

—  spawning  of,  in  Loch  Fyne,  (4)  50 ; 
(18)253. 

spawning  of,  question  of  bi-aunual. 


(4)  51,  95. 

—  spawning  period  of,  (2)  62,  63,  66, 
67  ;  (4)  50,  94,  253. 

spawning    period    of,    in     English 


Channel,  (6)  299. 

—  spawning  places  of,  (17)  279. 

spawning  pix)ce8s  in,  duration  of,  (4) 


95. 


280. 


spring-,  of  eastern  Baltic,  (17)  284. 
spring  and  autumn  spawners,   (17) 


^^  *  *  streamlings  "     or    strotnlimjs     of 

Baltic,  (17)  283,  284. 

structure  of,  (5)  257. 

varieties  of,  (2)  61  ;  (4)  61 ;  (5)  295. 

weekly  close-time  for,  (4)  59 

winter-spawning  of,  (4)  94. 

young  ot,  (3)  69. 

caught  in  trawl,  (8)  177. 

in  fresh  water,  (3)  66. 

Hersiliodea  liUaralis,  ( U )  203. 
Herwig,  Dr,  (9)  404;  (13)  16. 
Heterocotyle  paMinace,  (22)  278. 
Heteromysis/ormom,  (7)  323;  (16)  168, 

160,  209 ;  (19)  276. 


of  the  Fisluiry  Board  for  Scotktnd. 


213 


Httei-omysitt  micro^^  (7)  323. 

Heterop^Uut  rurttcaudcUiu,  (12)  252. 

Heterosomata.     See  Flat  fishes. 

HippoHttricm  phrygiana,  (20)  308,  319, 
324. 

Hippocampus  aiUiquorum.  See  Sea- 
horse. 

Hippoglo98ina,  (18)  362,  356. 

Hippoglossimt,  (18)  351,  352,  358. 

Hippoglotmo-rhoinlnna,  (18)  352,  354. 

HippogloMoide.8  limandoideA.  See  Long 
rough  dab. 

HippoglossxLS  vulgaris.     Set  Halibut. 

Hippolyte  (indretimiy  (6)  260. 

harleei,  (6)  260. 

cranchii,  (6)  260. 

foHcigenu  (6)  280;   (15)   132;    (16) 

156,  157,  209. 

gatniardti,  (7)  324. 

pandali/orttn'fi,  (7)  324. 

prideauxiana^  (15)  168. 

pttitiola,  (6)  260. 

wcuri/rotut,  (6)  260. 

spinas,  (6)  260. 

fhamsoni,  (6)  261. 

txinaw,  (6)260  ;  (15)  132  ;  (16)  156, 

157,  209. 

ffippomedon  denticulatusy  (16)210;  (20) 

516.  523,  535. 
— —  holbolUy  (8)  326. 
Hippothoa  distanj*^  (15)  156. 
Hirudinea,  (19)  137. 
Hirudo  hippog/ossi,  (19)  142. 
History  of  mussel-culture  at  Montrose, 

(13)  137. 
Hjort,  Dr  Joh.,  (17)  115  ;  (23)  253. 
Hoek.  Dr  P.  P.  C,  (6)  15,  16.  276,  305 ; 

(7)  384  ;  (8)  21  ;  (9)  10,  19,  202,  412  ; 
(10)  189,  349;  (11)  21,  487,  500,  601, 
503 ;  (12)  400,  401  ;  (13)  11,  16,  341. 

Hoffinann,  Prof.  C.  K,,  (6)  306  ;  (13)341. 

Holibut.     See.  Halibut. 

Holland,  ankerkuil  fishery  in,  (6)  307. 

Fishery  Board  of,  (6)  305. 

fishery  work  in,  (6)  305  ;  (7)  399  ; 

(8)  365  ;  (9)  412 ;  (10)  349  ;  (11)  600  ; 
(12)400;  (13)  340 

fisheries  of,  (7)  399  ;  (9)  415 ;  (12) 

400  ;  (13)  340. 

State  Commission  for  Sea  Fisheries, 


Horse-mackerel  or  scad,  eggs  of,  (15)  205. 

food  of,  (20)  486,  494. 

reproduction  of,  (13)  333. 

spawning  period  of,  (4)  245. 

young    stage    resembling    a,    (15) 

205. 
Horse-mussel,  (4)  219. 
Howes,  Professor  O.   B.,  (13)  297  ;  (18) 

335. 
Howietoun,  fish-hatching  at,  (5)  230. 
Hoyle,  Dr.  \Vm.  E.,  (6)  215. 
Hubrecht,  Professor,  (6)  306. 
Huntemannia  jadeiisis,   (17)    255;    (18) 

395 
Hutchison,  Mr  W.,  (18)  79. 
Huxley,  Professor,  (9)  416  ;  (10)  173. 
HycUe  liihborkiana,  (15)  137. 

niUsoni,  (6)  246 ;  (20)  519. 

Hyalodaphnia  berolineiisis,  (9)  291. 
Hyas  aranetui,  (6)  255,  261  ;  (15)  129. 
coarctafus,  (6)  256  ;   (15)  130  ;   (20) 

536. 
Hyaliwi'cea  ttibicofa,  (15)  159. 
Hybrid    between  (jalifomian  trout    {S. 

irideiis)  and  Salmofario,  (7)  383. 
between    hybrid    parents    in    sal- 

monidfe,  (7)  384. 

between  Lochleven  trout  and  hybrid 


of  Howietoun  salmon  par  and  Loch- 
leven  trout,  (7)  384. 

between  Lochleven  trout  and  hybrid 


of  S,  solar  (male)  and  Lochleven  trout 
(female),  (7)  384. 

—  between  Lochleven  trout  and  sal- 
mon, (7)  383. 

—  between     salmon    and     Lochleven 
trout,  (7),  383. 

-^ —  between    turbot    and    brill,     (13) 


333. 

of  ixK>r-cod,  (11)  241. 


(6)  305. 

—  wonderkuil  fishery  in  Zuiderzee,  (6) 

306  :  (8)  366. 


Hybridism  in  fish,  (7)  382. 

among  salmonidit;.  (7)  382. 

amon^  sea-fish,  (8)  16. 

Hydractima  eehinata,  (15)  164. 
Hydrobia  stagnafis,  (15)  120. 

t£/ivr,  (7)  382  ;  (9)  2S7,  288. 

Hydrographic  changes  in  North  Sea,  (12) 

21. 

—  research  in   the  Baltic  and  North 

Sea,  (13)  339. 
survey,  (11)8. 


Hydromedusiu  of  Firth   of   Forth,   (16) 
194. 


Hotoprdium  ffihltfrum,  (9)  280,  289  ;  (11)    Hydrozoa  as  food  of  cod,  (4)  136. 

2:^1  ;  (13)  250  ;  (17)  143,  184,  Ac.  i as  food  of  liaddocks,  (4)  129. 

I/olofhuria  phnntapu^,  (20)  307.  | of  Loch  Fyiie,  (16)  163. 

raphanvtt^  (20)  307.  j  Hypernmmina  arhorescens,  (16)  274. 

Holt,  Mr  E.  \V.   L.,   (9)  327,  395  ;  (10)  i  Hyptria  galha,  (6)  249,  251  ;    (16)  136  ; 


211,  233,  237.  276-280,  286,  288,  294, 
296,  328 ;  (11)  244,  247,  488  ;  (12)  205, 
:W2  ;  (13)  332,  333  ;  (16)  226. 

Hoinaitks  gammartis,  (6)  259. 

vulgaris.     See  Lobster. 

Homaoscdus  mediterraneaf  (22)  264. 

mtHuta,  (22)  254. 

Homelyn  ray.     See  Ray,  homelyn. 

Hamologyra  atomus,  (16)  119. 

Hoplonyx  cicada,  (16)  187  ;  (22)  243,  256. 

Horse-mackerel  or  scad  {Caranx  track- 
uruM),  (8)  367. 


(16)  170. 210 ;  (17)  264  ;  (18)  401  ;  (20) 
500,  613,  519. 

as  herring  food,  (4)  104,  123. 

—  gracUipes,  (10)  266. 

medusarum,  (6)  228,  249  ;  (22)  243, 


266. 

—  Mivia,  (6)  260  ;  (10)  266. 
taurtformi^,  (9)  310. 


Hyperiidee,  (6)  228,  229,  249  ;   (10)  266  ; 

(16)136;  (18)401. 
Ilyperochif  tauriformis,   (15)    136;   (16) 

170,  171,210;  (17)264;  (18)401. 


214 


Part  III. — Twenty-third  Annual  Report 


Iceland,  race  of  herring  at,  (17)  282. 
btatistics  of  catches  of  trawlers  at, 

(20)  135. 
Ichthyobdella  aiiarrhicha;^  (19)  140. 

hippogloAsi,  (19)  140. 

niarina,  (19)  140. 

sanguinea,  (19)  140. 

Ichthyulogical  notes,  (4)  222  ;  (19)  282  ; 

(22)281;  (23)251. 

reseatx^h,  committee  on,  (21)  38. 

Idothta  haJtica,  (16)   168,  210  ;  (20)  489, 

605,  519,  525,  527. 
emarginata,  (6)252;  (16)   168,  169, 

210  ;  (19)  271  ;  (20)  600,  619.  625. 

granulosa^  (20)  479. 

linearis,  (6)  252  ;  (16)  168, 169,  210  ; 

(19)  271  ;  (20)  519. 

marina,  (6)  252 ;  (14)  165. 

neglecta,  (22)  243,  257. 

pdagica,  (6)  252  ;    (15)  135 ;    (19) 


271  ;  (20)  500,  519,  533. 

tricuspidata,  (6)  252  ;  (15)  136. 


Idj/a  duthit,  (17)  259  ;  (19)  250. 

furcaJta,  (4)  153  ;  (6)  241 ;  (15)  163  ; 

(20)  511. 

gracUis,  (13)  171  ;  (15)  153. 

longicomis,  (15)  153  ;  (19)  251. 

minor,  (15)  153;  (19)251. 


IlyocrypittA  sordidtis,  (9)  273,  291  ;  (11) 
232  ;  (12)  286  ;  (13)  188,  245,  250  ;  (14) 
239;  (15)  321,  330,  333  ;  (16)  250,  262  ; 
(17)  141,  184,  &c. 

Ilyocypris  biplicata,  (15)  321,  328,  330; 
(16)  262  ;  (17)  160,  164,  168,  184. 

gibba,  (8)  341,  344;  (9)  273,  277, 

282,  283,  286,  288  ;  (13)  188  ;  (16)  333. 

Ilyodromus  olivacm,  (17)  160,  168,  190. 

robeHHoni,  (15)321,326;   (17)  173, 

190. 

violacea,  (17)  161. 


Ilyopsyllu8  coriaceuSf  (18)  396. 

Immature  fish.     See  Fish,  immature. 

Impoverishment  of  fishing  grounds,  neces- 
sity of  improved  statistics  to  deter- 

^    mine,  (20)  82,  86. 

of  fishing  grounds,  system  of  statis- 
tics to  determine,  (20)  75. 

Inachnn  dorsettensia,  (6)  255;  (15)  129  ; 
(20)  637. 

lepiochinis,  (20)  510. 

Inadequacy  of  present  limit  of  territorial 
waters,  (12)  12. 

Industrial  fishinc  school,  (6)  301. 

Influence  of  locality  on  growth,  (20)  336. 

of  temperature  on  the  development 

of  fishes'  eggs,  (13)  15,  147. 

Infusorian  parasite,  (16)  172. 

Injuries  to  food-fishes,  (10)  207,  299. 

Inland  waters  of  Scotland,  invertebrate 
fauna  of.     See  Fauna,  invertebrate. 

Innervation  of  free  rays  in  gurnard,  (12) 
328. 

Impsetla,  (18)  363. 

Inshore  waters,  spawning  of  fish  in,  (7) 
183. 

Intensity  of  fishing,  as  shown  by  marked 
fishes  re-caught,  (16)  376. 

Intercrossing  in  the  genus  ScUmo,  (7)  12. 


International  conference  on  fisheries  of 
extra-territorial  waters,  (9)  389. 

Investigation  Committee,  statistics 

for,  (21)  38. 

physical  investigations,  ( 15)  280. 


Intraovarian  eggs  of  common  dab,  (16) 

96. 
fluid  in  teleosteans,  nature  of,    (16) 

93. 
Inverness  Firth,  physical  and  chemical 

examination  of  Uie  water,  (6)  313,  318, 

336. 
Invertebrate  fauna  of  inland  waters  of 

Scotland,     ^e  Fauna,  invertebrate. 
Investigations    made   on    board    steam- 
trawlers,   (19)  68;    (20)  92;    (22)  13: 

(23)  13. 

offshore  desirable,  (13)  8. 

Iphimedia  minuta,  (12)  264  ;    (16)   139  ; 

(22)  257. 
obem,  (6)  247  ;   (15)  139  ;    (16)   170, 

177,  210. 
Iphinoe  gracilis^  (6)  253. 

serrata,  (19)  273  ;  (20)  479,  510. 

trispinosa,  (16)  134  ;  (16)  167,  209. 

Ireland,  0>ngested  Districts  Board  of, 

(12)  389. 

decline  of  oyster  fishery  in,  (6)  300. 

enquiry  on  beam-trawling  in,   (8) 

361  ;  (9)  395. 
—  fisheries  of,  (6)  300  ;  (12)  388. 

fishery  work  in,  (9)  394  ;  (10)  331. 

instructions  in  fishery  matters   in, 

(12)  389. 
investigation  of  marine  fauna  of 

southwest  of,  (7)  387. 

survey  of  the  fishing  grounds  on 


south  and  west  coasts  of,  (9)  394. 
Irenams  pcUemonii,  (6)  238. 
Ischyrocerus  anguipes,  (19)  236,  264. 
mimUus,  (14)  161  ;    (18)  402  ;    (19) 

264. 
Jaias  elavipes,  (17)  261 ;  (18)  384. 
Isle  of  Man,  Fishery  Committee  of,  (13) 

335. 
Isle  of  May,  eels  of,  (12)  296. 
Isocardia  cor,  (8)  332. 
Isopoda  of  lochs.    See  Fauna,  inverte* 

brate. 
Italy,  fishery  work  in,  (6)  308  ;   (7)  401 ; 

(8)375;  (9)422;  (10)353. 
as  a  market  for  Scottish-cured  her- 
rings, (7)  163. 

beam-trawlinc  in,  (7)  401. 

department  of  fisheries  in,  (6)  308. 

legal  sizes  for  immature  fish  in,  (8) 

375. 
Royal  Commission  of  Fisheries  in, 

(6)  14. 

statistics  of  fisheries  of,  (9)  423. 

stocking  of  lakes  and  rivers  in,  (8) 

375. 
Ito,  MrK.,  (6)308. 
Itunella  tenniremiSy  (16)  151. 


"  Jackal,"  H.M.S.,  (12)  21,  301. 

cruise  of,  in  the  North  Sea,  1888, 

(7)  412. 
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Jcera  aJhifrom,  (6)  251  ;  (16)  317. 

nordmanni,  (6)  252 ;  (16)  136,  330. 

Jamieson,   Mr  Peter,   (7)  183,   188;  (8) 

257  ;  (9)  244,  311. 
Jancmsa  capUlata,  (6)  249. 
Janira  niaaUoaa,  (6)  252  ;  (15)  136  ;  (16) 

169.  210. 
Japan,  fisheries  of,  (6)  307,   308;    (11) 

503;  (13)347,349. 

fishery  investigations  in,  (13)  348. 

fishery  statistics  of,  (13)  348. 

Jas9a  fcUcata,  (19)  266. 

pitMlia,  (19)265. 

Jaxea  noctuma,  (18)  404  ;  (20)  480. 

Jenkins,  Dr  Tra\is,  (22)  181. 

John  Dory  IZeusjraber)^   (4)  232;    (15) 

110;  (18)  278. 
characters  of  mature  eggs  of,  (16) 

133. 

egRS  of,  (16)  125. 

intraovarian  eggs  of,  (16)  102. 

maturation  of  eggs  of,  (16)  131. 

mature  and  immature,  (8)  177. 

parasite  of,  (18)  167. 

spawning  period  of,  (4)  246. 

young  of,  (8)  177. 

Johnston  &  Sons,  Messrs  Joseph,  (9)  21. 

Mr  James,  (8)  9,  17,  23. 

JonesieUa/wfi/ormis,  (16)  267  ;  (18)  390. 

hy(pn(E,  (11)  202.  203. 

»pinuloffa,  (9)  301  ;    (15)  160;   (20) 

495,  503,  525. 
Jordan,  Professor,  (6)  302. 


K 


KeUia  nitiday  (7)  324. 

Kidston,  Mr  R.,  (9)  269. 

Kiel  commission  for  scientific  investiga- 
tion of  the  sea,  (6)  14,  303 ;  (9)  407. 

Kincardineshire,  fishing  grounds  off,  (9) 
180. 

King.fish  or  Opah  {Lamprvt  luna),  (2)  80; 
(21)228. 

food  of,  (21)219. 

occurrence  of,  (20)  541. 

ovaries  and  eggs  of,  (19)  290. 

— —  parasites  of,  (19)  136. 

Kinnaird  Head,  trawling  investigations 
off,  (22)  37. 

Kiphinouye,  Dr  K.,  (13)  347. 

Krithe  InirtontmU,  (8)  322;  (15)  143;  (20) 
5a3,  511. 

Kroyera  cUtimarintui,  (6)  246. 

arenaria,  (7)  320. 

breincarpa,  (10)263. 

Kr6ytria  haplochele^y  (10)  263. 

Kyle,  Dr  H.  M..  (15)  246  ;  (16)  225  ;  (17) 
274  ;  (18)  189,  .^35. 


Lahidocera  wollastoni,  (17)  251  ;  (18)  386; 
(21)  113. 

IjoXyrax  lupus.     See  Bass. 

LahruSt  post-larval  forms  of,  with  re- 
marks on  colour  of  pelvic  fins,  (6)  268. 

macidcUu9  or  hergylta.    See  Wrasse, 

ballan. 

mixtiu.    See  Wrasse,  striped. 


Lacwia  divarieata,  (15)  119. 

pallidiOa,  (15)119. 

Laanargus   microcephaliu.      Set   Shark, 

Greenland. 

muriccUus,  (9)  305. 

LoftmatophUus  armatua,  (19)  266. 

tuhcrctdcUus,  (19)  236,  266. 

Lo'tmmiice  JUicomUy  (16)  159. 
Larvicardium  norvegicum,  (15)  126« 
La/oea.  dumoaa,  (15)  164. 

fruticosay  (16)  164. 

La/ystiiis  aturionUy  (7)  320. 
Lagena  costalOt  (16)  276. 

globosa,  (15)  166. 

gracilis,  (16)276. 

gradUima,  (15)  166. 

hexagona,  (7)  314  ;  (16)  166. 

jtffreysii,  (15)  166. 

l^vigata,  (16)  276. 

Icevia,  (15)  166. 

lagenoides,  (16)  276. 

lineataj  (16)  276. 

lyella,  (16)  276. 

marginata,  (15)  166. 

nulo,  (8)  316  ;  (15)  166. 

orbignyana,  (16)  276. 

pulchella,  (8)316. 

semistriataj  (16)  276. 

sqnamofta,  (7)  314  ;  (15)  166. 

Htriata,  (15)  166. 

sulcata,  (15)  166. 

unlliamsom,  (16)  276. 

Lagenula  marginata,  (7)  312. 
Lake  fisheries  in  America,  (12)  391. 
Lamdlaria  perspicua,  (15)  120. 
Lamippe  alcyonii,  (14)  164. 

duthiersii,  (14)  164. 

forbesi,  (19)  256. 

proteus,  (14)  164  ;  (19)  266. 

rultra,  (14)  164. 

Lamna  coruubica.    See  Shark,  porbeagle. 
Lampem  {Petromyzon  fluviattlts),  spawn- 
ing period  of,  (4)  254. 
Lampris  luna.     See  King-fish. 
Lamprops  cristata,  (4)  164. 
fasciata,  (4)  163,  164  ;  (6)  253 ;  (16) 

134;    (17)  266;    (19)  274;    (20)  492, 

495,  510. 
Lamps  used  to  attract  fish,  (7)  399. 
Lancashire  Sea  Fisheries  Committee,  (11) 

8,  13  ;  (12)  205,  386  ;  (13)  10,  333. 
Lancelot    {Amphioxus  lanceolatus),    (7) 

386;  (18)293. 
Lankester,  Professor  E.  Ray,  (13)  338. 
LaophoiUe  curticauda,  (6)  240,  242  ;  (20) 

119  464. 
denticomis,  (12)  246  ;  (19)  248  ;  (21) 

119. 

d^pressa,  (12)  245  ;  (16)  161. 

gracilis,  (21)  119. 

hispida,  (8)  318  ;  (16)  161  ;  (21)  119. 

horrida,  (4)  161  ;  (10)  266, 266  ;  (16) 

161. 

impinata,  (10)  256  ;  (21)  119. 

iiUermedia,  (13)  168  ;  (19)248  ;  (21) 

119. 
lamelliftra,  (4)  161  ;  (6)  240;  (16) 

161  ;  (21)  119. 

lUtorale,  (12)  247  ;  (21)  119. 

Unigicaudata,  (8)  318  ;  (16)  268 
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Laophoiitt  fonyiitmi»,  (23)  145. 

mohiimmed,  (15)  317. 

serratu,  (8)  318  ;  (15)  151  ;  (17)  256 ; 

(21)  120. 
simUiM,  (4)  151  ;   (6)  239  ;  (10)  256  ; 

(15)  151  ;  (20)  464. 

nmulans,  (12)  248  ;  (15)  151. 

»pino9a,  (18)  393. 

Dwmcica,   (6)  240  ;   (15)   151  ;  (17) 

256;  (21)  119. 
LaophwUode*  tt/picus,  (12)  249  ;  (21)  120. 
Laphinthis  aturionii^y  (18)  181. 
Large  and  small  fish  captured  by  beam- 

trawlers  and  line  fishermen,  (8)  30. 
Large  and  small  iish,  distribution  of,  (7) 

171  ;  (10)  3t). 
Lark  swallowed  by  cod  (4)  134. 
\j&r\vd  of  angler,  (21)  189. 

obtained  by  "  Garland,"  (13)  258. 

-    -  of  cod,  habiUt  of,  (15)  194. 

of  lobster  (23)  69. 

of  plaice,  rearing  of,  (15)  175. 

of  shrimp,  description  of  stages  of, 

(19)  94. 
development  of  appendages  of, 

( 19)  9d. 

moulting  of,  (19)  94. 

movements  of,  (19)  93. 

Larval  fishes,  (8)  14  ;  (12)  298  ;  (18)  250. 
in   Firth   of  Clyde,    (15)  250, 

251. 


in   Firth  of  Forth.   (15)  250, 

251. 
,  post-larval,  and  young  fishes,   (8) 

286. 

forms  of  food-fishes,  (7)  301. 

and  young  Crustacea,  (16)  197. 

stages  of  CarciniLs  m€Bna8y  (21)  139. 

of  decapod  crustaoea,  (19)  92. 

of  four-bearded  rockling,   (8) 

363. 

of  lobster,  (23)  73. 

of  the  shrimp,  (19)  92. 

La»jna  rubra f  (15)  125. 
Latchet.     See  Gurnard,  sapphirine. 
Lateral  sense  or^^ans  of  fish,  (16)  216. 
Lnthonura   recHrontri»y    (17)    155,    156, 

172,  173,  184,  199. 
Zo/oiitt  »c/»7era,  (11)230;   (13)188,250; 

(14)  239  ;  (15)  330,  331,  333  ;  (16)  258, 

260. 
Ixiuderia  anniUata,  (15)  214. 
l^unce.     See  Sand-eel. 

larger.     Sec  Sand-eel,  larger. 

lesser.     See  Sand-eel,  lesser. 

Liiwi-euce,  Mr  George,  (13)  236. 
Ltnchia  fjracUi'*,  (6)  252. 

I'nfermtflia,  (6)  252. 

Lecla  minuta,  (15)  125. 
leeches,  parasitic,  on  Hsh,  (19)  187. 
Lemargiia  muricattM,  (18)  158. 
Lemon  dab.     See  Dab,  lemon. 

sole.     See  Dab,  lemon. 

Lenticuliteji  rotulctUtt  (7)  314. 
Lepadog(Mttr  bimaculcUus.     See  Bimacu- 

fated  sucker. 

gmtanii.     See  Sucker,  Cornish. 

Lepas  anati/era,  (6)  236. 
Lepeopht?ieirtis  hippoglossi,  (18)  151. 
nordmannif  (18)  151. 


Lepeopktkeirtut  obscuruM,  (18)  153. 

peeloraiui,  (9)  305;  (16)  155;   (18) 

)50. 

pollachii,  (18)  153  ;  (20)  291. 

stromi,  (18)  152. 

Murionis,  (23)  1 10. 

thompfoni,  (9)  305  ;  (18)  152. 

Lepidactylis  artnarius,  (10)  264. 

dyttscHs,  (10)  264. 

Lepidepecreum  carinatum,  (12)  262. 

latigicome,  (19)  236,  258. 

Ijtpidonotu^  nquamatuii,  (15)  160. 
Lepidop^ta,  (18)  361. 

fnlitienta,  (18)353. 

I^pidorhomfms  hoscii,  (18)  357* 

tchijr.     See  Megrim. 

LepraUia  cruetita^  (15)  156. 

pallanatMt  (15)  156. 

Lepfaspidia  hrevepes,  (9)  306  ;  (15)  136. 
Leplocaris  mintUuSt  (17)  259. 
Leptoctphainsy  description  of,  (22)  281 ; 

(23)  251. 

morrutit,  (22)  283 ;  (23)  251. 

piuiclatu^,  (22)  282;  (23)251. 

Leptocheinia  pUotus,  (15)  140  ;  (18)  402  ; 

(20)  497. 
Leptocylindr^is  datUcus,  (15)  214. 
Ltptodora  hyalina,   (9)  272,   273,    296  ; 

(11)235;  (12)286;  (15)321,  326;  (17) 

138,  185.  &c. 
Lepfogtiathia  hrevimana^  (17)  266;    (19) 

269. 
brevireniuf,  (17)  266  ;  (19)  269  ;  (20) 

503,  510. 

longiremuf,  (19)  266. 

LeptomysM gracilis,  (7)  323;  (15)  133;  (16) 

158,  209  ;  (17)  268  ;  (18)  403  ;  (19)  277. 
linqimra,    (4)   169;    (6)  254;    (16) 

133  ;  (16)  158,  162,  209 ;  (17)  268. 
Lepton  nitidum,  (7)  324  ;  (15)  126. 
Lepiopsyllua  herdnumi,  (18)  394. 

minor,  (18)  393. 

typicus,  (\2)  2S4. 

Le.ptopcnUia  curvicauda,  (20)  449,  463. 
Leptorhynchus  faUxUtuif  (11)  234. 
Leptottyli^  mlloM,  (19)  236,  274. 
Lenuha  asellina,  (9)  306. 

hranchialis,  (9)  307  ;  (18)  161. 

corntifa,  (9)  306  ;  (18)  164. 

cyclopterina,  (18)  162. 

dalmannii,  (18)  169  ;  (19)  130. 

elmujaia,  (18)  171  ;  (19)  132. 

lumpi,  (19)  128. 

lusd,  (22)  275,  277  ;  (23)  113. 

mimUa,  (18)  161  ;  (19)  128. 

ptcfora/is,  (9)  305  ;  (18)  150. 

spratta,  (9)  306  ;  (18)  161  ;  (19)  127. 

uHchuUn,  (9) 306  ;  (18) 177. 

Lemfpetiiais  spraitm,  (18)  161  ;  (19)  127. 

Lenuropoda  chtthir,  (18)  173. 

elmigata,   (4)  228;    (18)    171,    172, 

173;  (19)  132. 

galei,  (18)  172. 

Lementoma  asellina,  (9)  306 ;  (18)  163. 

comuta,  (9)  306  ;  (15)  155  ;  (18)  164. 

lophii,  (9)  306  ;  (15)  166 ;  (18)  167. 

Lemeoiiema  monillaria,  (9)  306. 

spraUa,  (2)  67  ;  (9)  306  ;  (18)  161. 

Lesser  f orkbeard.    See  Forkbeaird,  leaser. 
sand-eel.    See  Sand>eel,  lesser. 
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Lesser  spotted  dog-fish.     Set  Dog-fish, 

lesser  spotted. 

weever.     See  Weever,  lesser. 

LtiUimlumpi,  (19)  129;  (23)  113. 
Lestea  lumpi,  (19)  128. 
Lestrigotiua  kineJiani,  (6)  249. 

spinidarmlM,  (10)  205,  266. 

Ltucon  cercariaf  (4)  165. 

de/ormis,  (8)  329. 

wiasica,  (6)  253  ;  (20)  503,  610,  522. 

nasicus,  (15)  134  ;    (16)   167,  209  ; 

(17)  267;  (19)  274. 
Uucothoe  liUjeixmfii,  (12)264  ;  (15)  139  ; 

(19)    261;    (20)    491,    503,   516,   523, 

527. 

^pinicarpa,  (8)  327  ;  (15)  139. 

Leucothoidie,  (12)  264. 

Ltydigia  qnadrantfulains,   (9)  270,   277, 

292,  296  ;  (15)  250  ;  (17)  160,  161,  184, 

200. 
Liachii^s  niiiduH^  (18)  359. 
Lichenopora  hUpidUf  (15)  157. 
Lichomoigus  agtlis,  (10)  264. 

cdbens,  (16)  269. 

arenicoltif,  (10)  260,  262. 

caiicinniMf  (10)  261. 

farficula,  (11)  208 ;  (15)  163. 

fucicdus,  (6)241 ;  (11)211  ;  (15)  153; 

(19)252;  (21)  131. 
/«rc»//a<M*,  (9)  304 ;    (15)153;    (20) 

470. 

hirmUiptt,  (11)  206  ;  (20)  470,  501. 

inttignis,  (11)  207. 

liber,  (10)  261 ;  (20)  470. 

liUotxUis,  (10)  260,  266. 

maximus,  (15)  154. 

pottT^f,  (11)207. 

tharellii,  (10)  261 ;  (18)  399. 

Life-histories   and   development  of  the 

food-fishes,  (11)  239;    (12)  218;    (13) 
220;  (14)171. 
Life-history  of  cod,  (16)  194. 

edible  crab,  (18)77. 

haddock,  (16)  196. 

lobster,  (23)  65. 

whitinjj,  (15)  201. 

Ligia  oceamca,  (6)  252. 
Light,  influence  of,  on  development  of 
fish-eggs,  (16)  178. 

action  of,  on  larvae,  (6)  246. 

effect  of,  on  lobsters,  (23)  98. 

IMljeborgia  kinahani,  (16)  262;  (18)  402; 

(19)264;  (20)479. 
Lima  hiana,  (15)  123. 

loKombi,  (16)  123. 

mibauHcidatat  (16)  123. 

lAmacma  retroversa,  (15)  116,  306,  &c.  ; 

(16)  155,  166,  209 ;  (22)  256. 
Limanda  aapera,  (18)  363. 

limandii,  (18)  368. 

LiniapatUia  nigra,  (7)  324. 

Limtuea  pcUustris,  (9)272;  (16)320;  (17) 

139,  159,  186. 
peregra,  (8)  336,  337,  &c.  ;    (9)  272, 

276,  &c.  ;  (13)  188,  244,  249;  (14)  168, 

239 ;  (16)  320;  (16)  261,  &c. ;  (17)  139, 

166,  166,  169,  185. 
truneatnla,   (8)  336,  kc.  ;  (9)  272, 

276,  kc, ;  (13)  244,  249 ;  (16)  320,  332 ; 

(17)  139,  186. 


Limnicythere  inopinaia,  (9)  273,  277,  kc,; 

(13)  188,  245 ;  (16)  618,  321 ;   (16)  262  ; 

(17)  140,  160,  kc, 
sancti-patrici,  (9)  272,  273  ;  (16)  321; 

(17)  164. 
Limnonalignorwn,{4)2VJ  \  (6)262;  (16) 

135. 
Line-fishing,   description  of  method  of, 

(4)  201. 
definition  of  **  large "  and  "small " 

fish  caught  by,  (8)  187. 

experiments  of  ** Garland"  on,  (8) 


189. 


in  territorial  waters,  (9)  24,  25,  2(J, 

29. 
and  the  destruction   of    immature 

fish,  (8)  187. 
Lines  of  growth  in  skeletal  structures  of 

fishes,  (23)  125. 
Lineu8  inarinus,  (15)  160. 
Ling  {Molva  vulgaris),  distribution  of,  (4) 

233 ;  (15)  111  ;  (18)  284  ;  (21)  62. 
distribution  of  adult  and  immature, 

(8)  176. 

eggs  of,  (4)  212;  (8)  284;  (16)  91, 


114,  115  ;  (17)  82,  83,  84,  93, 96. 

—  eggs,  distribution  ol,  (15)  244. 

—  fecundity  of,  (9)  258. 

—  food  of,  (8)  251 ;  (20)  487,  519. 

—  mature  and  immature,  (8)  176. 

—  parasites  of,  (19)  122,  149  ;  (20)  288  ; 
(23)  108. 

proportion  of  males  to  females,  (8) 


349;  (10)239. 
—  spawning  period  of,  (4)  248  ;  (7)  195, 
(8)  268  ;  (10)  232 ;  (15)  244  ;  (17)  99. 
young  of,  (3)  62  r  (4)  209. 


Liogloaniia,  (18)  362,  356. 

Liopsetta,  (18)  352,  353. 

Liparis  montagui.       See  Sucker,   Mon- 
tague's. 

vulgaris.    See  Sea-snail. 

Liriope  balani,  (6)  261. 

Liriopsis  haiani,  (6)  261. 

List  of  common  and  scientific  names  of 
fishes,  (8)40;  (10)40. 

of  pelagic  ova,  kc,  obtained  b\'  the 

**  Garland,"  (8)  287  ;  (14)  223. 

Liston  Bank,  (8)  200 ;  (17)  210. 

Lithodes  niaia,  (6)  258  ;  (16)  130. 

Little  sole.     See  Sole,  little. 

LiUorina  litorea,  (7)  328,  337  ;  (16)  119. 

ohtxisata,  (16)  119. 

rudis,  (16)  119. 

Lituota/ndens,  (8)  314. 

Liverpool  Biological  Society,  work  of,  (9) 
392;  (13)336. 

Lobster  {Homarus  mdgaris),  casting  of, 
(23)  89,  92,  96. 

copeood-parasite  of,  (19)  265. 

development  of,  (14)  186. 

digestibiUty  of,  (6)  228. 

diminution  in  size  of,  (6)  190,  192. 

distribution  of,  (6)  196. 

effect  of  cold  on,  (23)  72,  98. 

of  strong  light  on,  (23)  98. 

egKS  of,  (23)  101,  102. 

emoryonic  stages  of,  (14)  207. 

experiments   in   breeding   of,    (14) 

190. 
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Lobster,  experiments   in  hatching  and 

rearing  of,  (8)  362 ;  (23)  85. 

fishery,  (6)  9,  189. 

at  Boffnor  and  Selsey,  (6)  300. 

at  Heligoland,  (9)  405. 

in  (Canada.  (6)  192. 

in  Newfoundland,  regulations 

regarding,  (13)  336. 

in  Scotland,  \%)  189. 

in  United  Stotes,  (6)  192. 


—  foixl  of  the  zoea  of,  (23)  78. 

—  fry  of,  (7)  403  ;  (23)  68,  69. 

—  growth  of,  (23)  85,  95. 

—  hatching  of,  (9)  5,  391,  396,  398,  402; 
(10)10;  (12)11;  (14)  196;  (21)181; 
(23)65. 

in  Canada,  (9)  396 ;  (12)  393. 

in  Newfoundland,  (8)  365 ;   (9) 

398 ;  (13)  335. 

in  Norway,  (7)  405. 

in  United  States,  (8)  364. 


—  imports  of,  (6)  191. 

—  larval  stages  of,  (14)  207 ;  (23)  67, 
69,  73. 

—  legislation  regarding,  (6)  198. 

—  Ufe-history  of,  (6)  196  ;  (23)  65. 
of  American,  (9)  4(K2. 


—  megalops  stage  of,  (23)  68,  83. 

—  methods  of  fishing  for,  (6)  196. 

—  mode  of  attachment  of  eggs  in,  (22) 
117. 

—  mysis  stage  of,  (23)  69. 

—  Norway.     Stt  Nephropa  norvegicus, 

—  Norwegian  exports  of,  (6)  193. 

—  pond  at  Brodick,  (14)  14,  190. 

—  ponds  in  Spain,  (13)  347. 

—  price  of,  (6)  197. 

—  proportion  of  **  berried "  hens,  (23) 
88. 

—  rate  of  growth  of  embryo  of,  (14) 
190. 

—  rearing  experiments  with,  (9)  391. 
— -  senses  of,  (23)  97. 

-^  sexual  maturity  of,  (14)  202. 

—  signs  of  approaching  moulting  in, 
(23)  93. 

spawning  of,  (6)  196,  299 ;  (14)  199; 


(18)  86 ;  (22)  117  ;  (23)  100,  101. 

young,  food  of,  (23)  67,  69,  70. 

vitality  of,  (23)  67. 

zoea  of,  (23)  67,  74,  78. 

Lobworm  {Arenicola  piaccUorium)  as  bait, 

(7)352,356;  (16)159. 

reproduction  of,  (4)  217. 

Lochs  and  inland  waters,   invertebrate 

fauna  of.     See  Fauna,  invertebrate. 
Loch  Fyne,  ampliipoda  of,  (16)  262. 
chemical  conditions  of  water 

in,  (15)266. 
circulation  of  water   in,   (16) 


262 

comparison  of  spawning  season 

in,  with  East  Coast,  (17)  99. 

copepoda  of,  (4)  147  ;  (16)  264. 

Crustacea  of,  (16)  262. 

density  of  water  of,  (15)  263. 

distribution,  vertical,  of  eggs 


in,  (17)  116. 

-  drift  of  pelagic  eggs  in,  (17) 


120. 


Loch  Fyne,  estimated  number  of  pelagic 
eggs  in,  (17)  109. 

fauna  of,  (4)  281. 

food  of  herrings  in,  (18)  252. 


foraminifera  of,  (16)  273. 

herring  fishery  in,  (18)  252. 


herring   fishery  statistics   of, 

(18)  256. 
herrings  in  deep  water  in,  (18) 

253. 

-  invertebrate     fauna    of,     (16) 


261. 


invertebrates  of,  (15)  107. 
isopoda  of,  (16)  262. 


larval    and    post-larval   fishes 

of,  (15)  250,  254  ;  (17)  121. 

marine  fishes  of,  (15)  107. 

-  migrations  of  gurnards  in,  (17) 


216. 


(18)  253. 


mixture  of  herring  shoals  in. 


ostracoda  of,  (16)  263. 

pelagic  fish-eggs  of,  (15)  244, 

247;  (17)79. 

physical  conditions  of,  (15)  262. 


physical  observations  in,   (15) 

262  ;  (17)  128,  130. 

plaice  fry  put  into,  (14)  155 ; 


(17)  207. 


proportion  of  young  food-fishes 
to  others  in,  (17)  127. 

relation  of  herring  to  oopepoda, 

(17)  115. 


schizopoda  of,  (16)  262. 

seasonal  abundance  of  copepoda 

in,  (17)  114. 

seasonal  abundance  of  pelagic 

eggs  in,  (17)94. 

spawning  of  herrings  in,   (18) 

253. 

spawning  seasons   of  fish  in. 


(17)  96. 

tidal  observations  in,  (15)  268. 

vermes  of,  (16)  273. 

vertical  distribution  of   cope- 
poda in,  (17)  116. 

volumetric    determination    of 

copepoda  in,  (17)  112. 

—  young  fishes  in,  (15)  254. 


Loch  Lev  en  trout,    spawning  period  of, 

(4)  252. 
temperature  observations  in.      See 

Temperature. 
L€U)p8,  (18)  361. 

Lofoten  Isles,  cod  fishery  at,  (13)  339. 
LcligOy  sp.,  (3)  67. 

sagxttata,  (6)  264. 

vulgaris^  as  bait. 

Long  rough  dab.     See  Dab,  long  rough. 
Long-spined  Cottus.     See  CoUtu  bubcUis, 
Longipedia  coronatay  (6)  239;  (10)  249 ; 

(11)  198,  201 ;  (15)  149;  (20)  492,  495. 

minor,  (15)  149  ;  (19)  246 ;  (20)  603. 

paguH,  (11)  201,  202. 

Lophius  pisccUorius.    See  Angler. 
Lophtmectes,  (18)  361. 
L^hophorus  inngniSf  (20)  46. 
Lossiemouth,  trawling  investigations  off, 

(25)  93,  101 ;  (22)  26,  28,  47 ;  (23)  20, 

24,  46. 


of  the  Fishery  Board  for  Scotland. 


219 


Lota  vulgaris.    See  Burbot. 
Loxoconcha  elliptica,  (8)  321. 

fragilis,  (8)  325. 

guttata,  (6)  244 ;  (15)  143. 

impressa,   (7)  317  ;   (15)   143 ;   (20) 

520. 
Loxoconcha  multi/ora,  (8)  321 ;  (15)  143. 

pwtUla,  (8)  325. 

tamarindua,  (6)  244  ;  (15)  143 ;  (20) 

523. 

viridis,  (8)  321  ;  (13)  188. 

Lncina  horealis,  (15)  128. 

spiHifera,  (15)  128.;  (20)  505. 

Lxicinopsls  undata,  (15)  127. 
Luidia  cUiaris,  (20)  308,  319,  324. 

«ar«,  (20)  308,  319,  324. 

aayignii,  (20)  308. 

LumbrHcoiiereis  nardonu,  (15)  159. 
Lumbriais  ttrrestrxH  as  bait,  (7)  356, 
Luminous  organs  in  the  British  pearl- 
sides,  (6)  281. 
Lumpenus,      sharp  -  tailed      {Lumpenua 

lampetrtfformis),  description  of,  (2)  78  ; 

(12)  225. 

age  of,  (22)  203. 

at  Aberdeen,  (4)  210. 

distribution  of,  (19)  287. 

eggs  of,  (12)  226;    (19)  287;   (22) 

203. 

food  of,  (20)  486,  502 ;  (21)  220. 

in  Firth  of  Clyde,  (15)  167. 

in  Firth  of  Forth,  (7)  326. 

in  Loch  Fyne,  (15)  110 ;  (18)  280. 

in  North  Sea,  (19)  287 ;  (21)  29, 35. 

in  stomach  of  anglers,  (21)  198. 

in  stomach  of  picked  dog-fish,  (19) 

287. 

mature  and  immature,  (8)  177»  357. 

rate  of  growth  of,  (22)  202. 

relation  of  length  to  weight,  (22) 

238. 
spawning  period  of,  (19)  287  :   (22) 

203. 
Lumpsucker    {Cydopt^rus    lumpus),    in 

Loch  Fyne,  (4)  232 ;  (15)  110. 

caugtit  in  trawl-net. 

colour  changes  in,  (10)  243. 

cross-fertilisation  of,  with  flounder, 

(8)358. 
eggs  of ,  (3)  60 ;  (7)  306;   (10)  243; 

(14)173. 

as  bait,  (6)  273. 

volume  of,  (16)  141. 

fecundity  of,  (9)  263. 

food  of,  (3)  60  ;  (20)  486,  497. 

comparative     absence     in 

stomach  of  female,  (20)  499. 

large  specimen  of,  (3)  69. 

oviposition  of,  (9)  244. 

parasites  of,  (19)  121, 128, 129 ;  (23) 

108. 

power  of  adhesion  of,  (4)  212. 

protective  resemblance  in  young  of, 

(11)  390. 

rate  of  growth  of,  (12)  333. 

sexual  proportions  of,  (10)  239. 

size  at  maturity,  (10)  238. 

spawning  of,  (7)  197  ;  (8)  269. 

young,  mode  of  distribution  of,  (17) 

128. 


Lunan  Bay,  trawling  investigations 

(20)  96. 
LuiMtia  pulchella,  (15)  120. 

sordida,  (15)  120. 

Lundberg,  Dr.  Rudolf,  (7)  405 ;   (9)  20, 

408  ;  (13)  16. 
Lutraria  elliptica,  (15)  127. 
Lybster,  trawling  investigations  off.     See 

Trawling  investigations. 
Lynceidse,  (11)  232. 
Lynceua  acanthoctrcoides,  (9)  292. 

affinia,  (9)  293. 

costatm,  (9)  293. 

tlongatus,  (9)  286,  292. 

excisusy  (9)  286,  293. 

exiauus,  (9)  293  ;  (11)  233. 

gldotnis,  (9)  295. 

guttatus,  (9)  277,  293. 

harpo',  (9)  292  ;  (11)  232. 

i<ni8,  (9)  294. 

lamellatus,  (9)  291. 

leucocephalus,  (9)  292. 

long%rostri8,  (9)  291. 

macrurus,  (9)  292  ;  (11)  232. 

nanus,  (9)  293. 

quadrangutaris,  (9)  277,  282,  292, 

293;  (11)233. 

sphdtricus,  (9)  295  ;  (11)  234. 

tetiuicaudis,  (9)  277,  292. 

testucUnarius,  (11)  2E33. 

trigondlus,  (9)  294. 

truncatua,  (9)  294  ;  (11)  234. 

uncinatufi,  (9)  294. 

Lyonsia  norvegica,  (12)  265  ;  (15)  129. 
Lytnaiiax  costce,  (15)  137. 
Lythe.     See  Pollack. 
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Machctrina  svbnlata,  (20)  503. 

tenuissima,  (15)  145  ;  (20)  497,  620. 

M'Donald,  0)l.  Marshall,  (8)  21. 
M'Intosh,  Professor  W.  C,  (4)  201  ;  (6) 

354 ;  (6)  265,  279,  281  ;  (7)  269,  387  ; 

(8)  8,   14,  21,  270,  283;  (9)  211,  244, 

269,  317,  &c. 
Mackay,  Captain,  (7)  188. 
Mackerel  (Scomber  scomber),  (4)  232  ;  (6) 

276;  (15)  110;  (18)  277;  (21)  30,  33, 

68. 

arrangement  of  muscles  in,  (4)  168. 

attacked  by  squids,  (3)  68. 

caught  in  deep  water  in  winter,  (21) 

69. 

caught  in  otter-trawl,  (21)  68. 

composition  of,  (5)  22BB. 

curing  of,  (12)  388. 

digestibility  of,  (5)  228. 

eggs  of,  (16)  91, 114  ;  (17)  82, 83,  84, 

93,  §S,  106. 
enquiry  respecting  Scottish,  (12)  17  ; 

(13)  13. 

fecundity  of,  (9)  262. 

fishing,  (13)  13. 

in  Ireland,  (9)  396  ;  (12)  388. 

at  Kinsale,  (12)  390. 

in  United  Stotes,  (12)  393,  396. 


food  of,  (20)  486,  498. 

larval  and  post-larval,  (17)  126. 

life-history  of  Mediterranean,  (8)372. 
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Mackerel  of  east  and   west    coasts  .  of 

Scotland,  (18)  294. 

parasites  of,  (19)  124,  135,  146. 

question  of  racial  differences  among, 

(18)294. 

question      of     sexual     differences 


among,  (18)312. 

—  sizes  and  sex  of,  (18)  3t)2. 

—  spawning  period  of,  (4)  245 ;  (17) 
98  ;  (18)  327. 

—  specific  gravity  of  eggs  of,  (7)  386. 
weight  of  ripe  and  unripe,  (18)  328. 


Mackie,  Mr  R.,  (10)286. 
Maclagan,  Nellie,  (2)  74. 
MaoMiinn,  l)r  A.  C,  (7)  386,  387. 
Macrocyprie  minna,  (19)  236,  257. 
MoA^romysU  flexuoaa,  (15)  133. 
Macropodia  longirosh'is,  (15)  130. 

roshxiia,  (15)  130  ;  (16)  156,  209. 

Macropsis  slabberi,  (6)  254  ;  (8)  332  ;  (16) 

158,  162,  209  ;  (19)  277  ;  (20)  532. 
Macrwtylis  ^pini/ei-a,  (19)  236,  272. 
Macrothrix  hirsuticomisy  (14)  239,  242. 

IcUicaniiSy  (11)  231. 

Macrurus  Ictvisy  food  of,  (20)  601. 

occurrence  of,  (20)  541. 

Mactra  elliptica,  (15)  127. 

siuUorum,  (6)  231. 

tmbtruncata^  (15)  127. 

Madreporite  of  Crihdla  oailata,  (6)  280. 
M(rrabate,i,  {U)  160. 

groMimana^  (6)  247  ;  (7)  327. 

loi^ni,  (7)  327  ;  (19)  264 ;  (20)  478, 

516,  520. 

othonitt,  (6)  247  ;  (15)  140  ;  (18)  402 ; 


(19)  264. 
Mair,  Mr  Williara,  (8)  257  ;  (9)  21,  177, 

244  ;  (10)  23,  29  ;  (11)  24,  29,  30  ;  (14) 

22,  56. 
Maitland,  Sir  J.  Ramsay-Gibson,  (5)  43  ; 

(6)  25  ;  (7)  12,  382  ;  (10)  192,  331. 
Maldane  hicepsy  (15)  15& 
McUlottia  villosus.     See  Capelin. 
Malm,  Dr,  (9)  408  ;  (10)  344  ;  (13)  16. 
Mancopsettu,  (18)  361. 
Mangdia  cUtenuaia^  (15)  118. 

lij^vigata,    15)  1 18. 

MarcUinohiotuA  fyejdovskei,  (14)  168,  169; 

(16)  249  ;  (17)  172,  173,  183,  189. 
Margarita  helicina^  (15)  122. 
Margimdina  glabra^  (16)  277. 
Marine  Biological    Association    of    the 

U.K.,  (6)  298  ;   (8)  361  ;   (9)  390  ;  (12) 

385  ;  (13)  332. 
laboratory,  Plymouth,  (6)  15, 

298 ;  (7)  385. 

station  at  Puffin  Island,  (8)  362. 

currents,  transport  of  fish  eggs  by, 

(13)  13,  135  ;  (14)  15. 

diatoms,  (15)  15. 

Fisheries  Society,  (6)  300  ;  (8)  161. 

fishes  of  Loch  Fyne,  (15)  107. 

food-fishes  :     food,   spawning,   and 

habits  of,  (7)  182. 

laboratory  at  Arcachon,  work  of. 


(7)  392. 


(7)  390. 


at  Boulogne-sur-mer,  work  of, 
at  Concameau,   work    of,  (7) 


Marine  laboratory  at  Helder,  (9)  413. 

at  Heligoland,  (9)  405. 

at  Marseilles,  work  of,  (7)  392; 

(8)  371 ;  (9)  418. 
at  St.  Andrews,  (6)  279;  (13) 

8. 
at  St.  Andrews,  description  of, 

(3)55. 

pisciculture,  practical  results  of,  (13) 


10. 
Marion,  Professor,  (7)  384,  392  ;  (8)  21. 

371  ;  (9)  389,  418 ;  (10)  160,  189,  294, 

352  ;  (11)  21,  239,  487  ;  (13)  16. 
Marketable    and    unmarketable    fishes, 

classification  of,  (21 )  40. 
Marking  fish  by  labels,  (7)  406. 
Marl  deposits  in  Loch  Doon,  (17)  174. 
Mars  Bank,  (9)  181. 
Masterman,   Dr,  A.    T.,  (11)  250;   (12) 

272;    (13)   289.    279;   (14)  294;    (15) 

219. 
Matthews,  J.  Duncan,  (5)  245,  257,  295  ; 

(6)  25  ;  (9)  331  ;  (17)  274. 
Maturation  of  eggs.     See  Eggs. 
Maturity,   average  size  ofhaddock  at, 

(22)  153. 
average  size  of  plaice  at,  (18)  190  ; 

22;  156. 

average  size    of    whiting    at,    (22 


150. 


—  minimum  size  of  grey  gurnard  at, 
(17)  223. 

—  of  edible  crab,  size  at,  (18)  79. 
of  fishes,  (10)  18. 


in 


of  plaice,  variation  of  size  at, 

different  regions,  (20)  358. 

sexual,  in  stureeon,  (6)  303. 

size  at  which  fishes  reach,  (10)  236. 

of  cod  at,  (19)  228 ;  (22)  168. 

of  edible  male  crab  at,  (18)  97. 

of  female  edible  crab  at,  (18) 

79. 

of  haddock  at,  (19)  213. 

of  Norway  pout  at,  (19)  164. 


389  ;  (8)  373 ;  (9)  418. 


of  pUice  at,  (20)  357. 

of  sprat  at,  (22)  181. 

— ,of  whiting  at,  (20)  399. 

of  witch  at,  (22)  195. 

Manroliciis  pennantii.    See  Pearl-sides. 

Mazocrces  aloste,  (19)  145. 

Measurements  of  fish,  importance  of,  (20) 
326,330. 

Measuring-table  for  fishes,  (20)  330. 

Medusidse     interfering    with    trawling 
operations,  (20)  94,  95,  103. 

Meek,  Mr  Alex.,  (17)  117  ;  (22)  136. 

Megaluropus  agiiis,  (8)  326 ;    (18)  402 ; 
(20)  478,  491,  610 ;  (22)  243,  267. 

Megamtera  othonis,  (6)  247. 

Megamphop%i8  comutuSj  (14)   161  ;   (20) 
479,  517. 

Megrim  {Lepidorhombus  whiff),  (7)  325  ; 
(12)  224 ;  (18)  286,  357  ;  (21)  60. 

abundant  in  deep  water  on  north- 
eastern grounds,  (21)  50. 

development  of,  (10)  292. 

distribution  of,  (21)  60. 

eggs  of,  (16)91,  114. 

egff  resembling  that  of,  (12)  224. 

in  Firth  of  Clyde,  (16)  250. 
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Megrim,  fecundity  of,  (9)  263. 

foocl  of,  (7)  &7,  240 ;  (8)  254,  256  ; 

(20)  523. 

mature  and  immature,  (8)  172. 

pro})ortion  of  males  to  females,  (8) 

349;  (10)239. 

size  at  maturity,  ( 10)  238. 

spawning  of,  (7)  192. 

Melita  dentata,  (14)  160. 

gladiosa,  (6)  247. 

ohtusata,  (6)  247  ;    (15)    140 ;    (20) 

501,  510. 

proxima^  (6)  247. 

Mdosira  orichalcea,  (9)  274. 

varians,  (9)  274. 

Melphidippa  spinosat  ( 10)  264. 
Mtlphidippdla    maceray   (16)   170,    177, 

210;  (17)265;  (19)263. 
Melville,  Mr  John,  (9)  177,  343. 
Memfnvinipora  Jlemingii,  (15)  156. 

pUona,  (15)  156. 

Meridion  circtdarty  (9)  274. 

Mtrluccius  viUyarut.     See  Hake. 

Merry-sole.     Ste  Lemon  dab. 

Mesh  of  trawl-net,  (8)  182. 

experiments  on  influence  of, 

(12)306;  (19)  62. 
influence  of    size  of,  on  fish 

caught,  (19)  62. 
relation  between,  and  the  fish 

captured,  (12)306;  (19)62. 
MeMckra  imjebonjii,  (6)  239;    (11)  228, 

229. 
— —  macitUoAhi,  (13)  167  ;  (20)  461. 

propinquay  (14)  162. 

rofterUoni,  (11)  228,  229. 

Mpinicauda,  (13)  167  ;  (18)  391. 

Methods  of  fishing  for  herrings  in  Clyde, 

(12)  18. 
of  fishing  in  relation  to  statistics, 

(20)  79. 

of  rearing  fish  larvie,  (15)  177. 

Me(ojxi  alder?,    (7)  319;    (16)  170,  177, 

210  ;  (20)  516,  527. 

horea/is,  (19)  260  ;  (22)  243,  257. 

hruzelii,  (14)  159. 

nasuta,  (14)  159. 

norvegica,  (19)  261. 

jxAlexiana,  (6)  246  ;  (17)  265  ;  (20) 

478. 

propinqua,  (12)  263. 

punlia,  (20)  478,  516. 

rohHsta,  (17)285. 

ruhrot-iftata,  (19)  260  ;  (20)  510,  527. 

Mefopeffa  naMtUa,  (19)  261  ;  (20)  497,  510. 
Metopina  rofmMa,  (19)  236,  261. 
Afttridia  armata,  (4)  148  ;   (9)  300;  (15) 

147. 

as  herring-food,  (4)  126. 

hibemica,  (15)   146,  307,  308,  309, 

310,  311,  314  ;  (16)  177,  189,  210 ;  (17) 

251,  270. 

hnya,  (20)  454. 

/ucejiM^  (18)  385  ;  (19)  239  ;  (20)  454, 

511,  513,517,532;  (21)  113. 
Microchirus  minutus,  (18)  359. 
— —  variegata,  (18)  359. 
Micrococcus  albun  traruducens,  (6)  208. 

calyci/ormia,  (6)  209. 

rotunduM  magnus,  (6)  210. 


AficrococcuA  spcngiosus,  (6)  209. 

Microcotylt  donovani,  (23). 

lahnui\  (23)  117. 

Microcrustacea  from  Clyde  and  Moray 
Firth,  (17)  248. 

AficrodetUopus  anomafus,  (15)  140. 

damnonierms,  (15)  140. 

MicrqjoMa  ciimbrensU,  (19)  265. 

Microniscus  calani,  (15)  172,  309,  311. 

Micro-organisms,  determination  of  num- 
ber in  water,  (4)  178. 

in  river-water,  (3)  73  ;  (4)  176 ;  (6) 

331. 


in  river-water,  methods  of  detect- 

i"g,  (3)  73. 
Microporella  impressa,  (15)  156. 
Aficroprotopus  mactUcUtts,  (14)  161  ;  (18) 

402  ;  (20)  527. 
AficroifleUa  aUantica,  (9)  301. 
Aficrontomiui  (18)  353. 
Midwater  net,  description  of,  (5)  356. 
Migrations  of  brill,  (11)  189. 

of  cod,  (11)  189  ;  (15)  375. 

of  dab,  (11)  189. 

of  edible  crab,  (18)  119,  125;    (22) 

135. 
relation    of,    to  temperature, 

(1^  124. 

of  fishes,  (10)  19. 

-  in  relation  to    currents,    (15) 


375. 

value  of  statistics  in  connec- 
tion with,  (11)  16,  1T6 ;  (21)  38. 
—  of  grey  gurnard,  (17)  210. 

adults  and  immature  together 


(17)223. 

—  in  relation  to  reproduction 

(17)  222. 

—  of  grey  skate,  (11)  191. 
of  gurnard,  relation  of,  to  changes 


in  temperature,  (17)216. 

of  hernng,  (10)  173;  (11)  191  ;  (17) 


286. 


of  immature  gurnards,  (17)  227. 
of  lemon  sole,  (11)  187. 
of  plaice,  (11)  175;  (15)375. 
-  in  relation  to  maturity. 


(8) 


168. 

of  thomback  ray,  (11)  191. 

of  turbot,  (II)  189. 

MigratoiT  movements  of  sea-fishes,   (8) 

14,  353. 
MUiolina  agglulinaru,  (7)  313 ;  (8)  313 ; 

(9)  288  ;  (15)  165. 

auberianaf  (16)  274. 

bicomis,  (7)  313  ;  (16)  274. 

cont4)rta,  (15)  165. 

feruMMcii,  (7)  313  ;  (15)  166. 

/uaca,  (8)  313 ;  (16)  274. 

InbioM,  (16)274. 

ohionga,  (7)  312  ;  (16)  274. 

secans,  (7)  312  ;  (15)  165. 

seminulum,  (7)  312  ;    (15)  165  ;   (20) 

497,  510,  527. 

tndtrotunda,  (9)  288  ;  (16)  166. 

tricariiuUa,  (8)  313  ;  (15)  165. 

trigonuia,   (7)    312;    (8)  313;    (16) 

165. 

venusta,  (16)  274. 

AfUiolUea  ringew,  (7)  312. 
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Pari  HI, — Twenty^hird  Annual  Report 


Mill,  I)r  H.  R.,  (5)  349 ;  (6)  300,  313, 
349;  (7)  409;  (9)  18,  353;  (10)330; 
(11)  8,  20,  395  ;  (12)  336  ;  (15)  262. 

Miller,  Mr  Donald,  (8)  23,  257  ;  (9)  21. 

Milliken.  Mr  A.,  (9)  177  ;  (10)  2&X 

Milroy,  Professor  T.  H.,  (16)  135. 

Minnows,  food  of,  (17)  174. 

Mixophria  pt/fida,  (12)  237  ;  (15)  148  ; 
(17)253. 

MiUhell,  Pn)fe8sor  J.  C.  (13)  347. 

Moftianus  gyrans^  (19)  237. 

M.ibius,  l)r,  (4)  102. 

Afofiiota  mofJio/uMf  (15)  124. 

Motliolarla  discorn,   (15)  125  ;  (20)  510. 

marmoraiaf  {\5)  124. 

Modiofiro/a  iimgne.Xy  (12)  259. 

Moilcria  coMtufata,  (15)  121. 

Mollusca  as  foo<l  of  cod,  (4)  136,  146. 

as  food  of  haddocks,  (4)  130. 

as  herring- f()*Kl,  (4)  127. 

of  l^jch  Fyne,  (15)  114. 

of  lochs  and   inland  waters.      See 

Fauna,  invertebrat<;. 

of  plankton,  (16)  155. 

Molluscs  as  bait,  (6)  273. 

development  of,  (8)  15. 

oggs  of,  (4)  217. 

Molua  molva.     See  Lin^. 

Molva  imlgariH.     Str  Ling. 

Monaco,  H.H.  Princ»e  of,  scientific  in- 
vestigations of,  (7)  384,  395  ;  (8)  359, 
373;  (11)21,487;  (13)  16,  153. 

Monima  Jimhriata,  (19)  125. 

Monk.     Ste  Angler. 

Monochinui  hUpidu^it^  (18)  359. 

Monoculodes  affinis,  (8)  326. 

carinata,   (8)  326 ;  (15)   139  ;    (20) 

491. 

longimanuA,  (6)  246  ;  (8)  326. 

p(ickardi.  (15)  139  ;  (17)  265. 

Htimjtsoniy  (8)  326. 

tuf>*rculafwi,  (15)  169. 

Monoctdus  ophthahniau,  (8)  342  ;  (11) 
230 

pedicidus,  (9)  295  ;  (11)  234. 

piUex,  {9)  290. 

qiindricoimiif,  (11)  223. 

nticidaiu^,  (9)289. 

viUoHO,  (8)  343. 

Monoltne,  (18)  357. 

Monospi/uM  disjxir,  (9)  295;  (13)245; 
(17)  140,  141,  155,  156,  164. 

tennirostns,  (9)  272,  273,  295,  296  ; 

(17)  185,  201. 

Monrich  Bank,  (9)  181. 

MonHtrilla  anqlira,  (22)  242,  246. 

daiuv,  (15)  153  ;  (17)  261  ;  (18)  398 ; 

(22)  240. 

duhia,  (22)  242,  247. 

gracilicauda,  (22)  242,  245. 

gmndU,  (22)  242,  243. 

helgoiandica,  (16)  190. 

lon^jicornis,  (22)  242,  244. 

longirtmU,  (20)  449,  469  ;    (22)  244. 

rigida,  (9)  304  ;   (16)  190  ;  (22)  248. 

sp.,  (16)  20. 


M(nitac\Uahidentata,{\b)  125;   (20)496, 
497,  503. 

ferrugvwsa,  (20)  527. 

8ith8tria(a,  (15)  125  ;  (20)  317. 


Monfaaifa,  tvmidulaf  (15)  126. 
Montagtia  alderi,  (7)  319. 

dnhiii,  (10)262. 

marinay  (7)  319. 

MotUngni  moiioculoideiiy  (6)  246. 

poUtJCuiHa,  (6)  246. 

Montagu's  sucker.    See  Sucker. 
Montenegro  as  a  market  for   Scottish - 

cured  herrings,  (7)  163. 
Montrose,  larval  fishes  at.  (8)  287  :  (11) 

254;  (12)300;  (14)225. 
pelagic  eggs  of  iishes  at,  (8)  287  ;  ( 1 1 ) 

254;  (12)300;  (14)225. 
post-larval  iishes  of,  (8)  287;    (11) 

254;  (12)300;  (14)225. 
young  fishes  at,  (8)  287 ;    (9)  341  ; 

(10)304;  (11)254;  (12)300;   (14)225. 
Mom  ria  aiidernon -smithi,  (11)  228  ;    (14) 

168,  239  ;  (15)  302,  318,  330,  332 ;   (16) 

250,  252;  (17)  140,  145,  183,  ftc 
brenpes,  (15)  320,  325  ;  (17)  155,  169, 

161,  173,  189. 

poppet,  (15)  319,  320,  325. 

Moray    Firth,    fishing   grounds    in,    (9) 

182. 

"closure  of,  (11)  9,  23;  (12)  14. 

Crustacea  of,  (17)  248. 

direction  of  currents  in,  (15)  343. 

ochinoderms  of,  (20)  304. 

fishing  by  foreign  trawlers  in  closed 

waters  of,  (20)  19. 
importance  of  investigations  in,  (14) 

18,25. 
invertebrate  fauna  in  trawl-net,  (15) 

81. 
larval  fishes  of,  (8)  287;  (9)340;  (11) 

254;    (13)  268,   270;    (14)  224;    (15) 

255. 

miKrations  of  gurnards  in,  (17)  215. 

pelagic  eggs  of  fishes  in,  (8)  287  ;  (9) 

340;  (11)254;  (12)300;  (13)268,270; 

(14)224;  (15)255. 

pelagic  fauna  of,  (5)  67. 

physical  and  chemical  examination 

of  water,  (6)  313,  318,  336. 
physical  observations  in,  in    1896, 

(15)  91. 
post-larval  fishes  in,  (8)  287  ;  (9)  340; 

(11)254;  (13)268,370;  (14)224;  (15) 

257. 
statistics  showing  the  quantities  of 

fish  caught  by  lino  fishermen  in,  (14) 

23. 
temporarj'  opening  of,  to  trawlers  in 

1896,  (20)  126. 

trawling  experiments  in,  (12)  27 ; 


(13)12;  (14)  11,  20;  (15)18;   (16)18; 

(17)  18  ;  (19)  18  ;  (20)  18 ;  (22)  19 ;  (23) 

13,  14,  26. 
trawling  stations,  description  of,  (19) 

18. 
young  fishes  of,  (8)  287  ;  (9)  340  ;  (10) 

304;  (11)254;  (13)268,270;  (14)224; 

(15)255. 
Morocco,  fisheries  on  Atlantic  coasts  of, 

(9)  421. 
Mortimore,  Mr  Thomas,  (12)  21. 
Motella  cimMa.     See  Reckling,    four- 
bearded. 
mxistela.   See  Rockling,  five-bearded. 
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Motefla,  Iricimxta.  See  Rockling,  three- 
bearded. 

Mugil  chelo.    See  Mullet,  lesser  grey. 

capito.     See  Mullet,  grey. 

MuUer's  topknot.    See  Topknot,  Muller*8. 

Mullet,  grey  {Mvgil  capito),  (18)  281. 

food  of,  (20)  486,  504. 

lesser  grey  (Mugil  chelo),  (6)  276. 

food  of,  (21)  221. 

parasites  of,  (19)  123. 

red  (Mnllus  barhatus),  (18)  274. 

occurrence  of,  at  Aberdeen,  (20) 

540. 

spawning  period  of,  (4)  244. 

thick-lipped    grey.         See    Mullet, 

lesser  grey, 

Mullu^  ImrbatuA,     See  Mullet,  red. 

surmuletwi.    See  Mullet,  red. 

Multiple  tumours  in  plaice  and  flounders, 
(3)66. 

Munida  bamjica,  (6)  259. 

rondelttii,  (6)  259. 

rwjo^,   (6)    259;    (16)    !31  ;     (17) 


eggs  of,  (22)  116. 


266. 

Munna  hoedti,  (17)  266. 

krdi/eH,  (6)  252  ;  (17)  266. 

Murray,  Dr  George,  (15)  212. 

Mr  J.,  (6)223. 

Sir  John,  (8)  23,  257  ;  (9)  177,  178, 

244;  (10)23;  (11)24;  (17)114,236. 
Muscles,  arrangement  of,  in  teleosteans, 

(4)  167. 

colour  of,  (4)  167. 

of  fishes,  red  and  pale,  (4)  166. 

of  fish,  fat  in,  (5)  226. 

histology  of,  (4)  169. 

Mussel  bait,  (8)  16. 

common  { My  f  if  its  edulis),   (7)  328, 

387,356,349;  (15)  124. 

age  at  maturity  of,  (4)  221. 

artificial  fertilisation  of  eggs  of, 

(5)  250. 

cultivation  of,  (4)  222. 

development  of,    (4)  218 ;   (5) 

247. 
development    of   eggs   of,    (5) 

249. 
development  of  genital  glands 

of,  (5)  248. 

eggs  of,  (5)  249,  250. 

emoryos  of,  (5)  253. 

growth  of,  (4)  222. 

habits  of,  in  early  stages,  (6) 


255. 


137. 


-  reproduction  of,  (3)  56 ;  (4)  219. 

sperms  of,  (5)  250. 

culture,  (12)387. 

-at  Montrose,   history  of,   (13) 


in  Northumberland,  (9)  394. 
—  farming  at  Montrose,  (7)  11,  327. 

at  Montrose,  common  bed,  (7) 

335. 

at  Montrose,  description  of  the 

mussel-beds,  (7)  331. 

beds    at    Montrose,    fauna  of   the 


beds,  (7)  336,  337. 

at    Montrose,    Ferryden    and 

Usan  Society's  beds,  (7)  331. 


Mussel-beds  at  Montrose,  Messrs  John- 
ston and  Son's  beds,  (7)  333. 
at  Montrose,  method  of  cultiva- 
tion, (7)  320. 

fisheries  in  Holland,  (9)  415. 

Mussels,  (6)  21,  22;  (10)  16. 

decline  in,  (9)  17. 

experiments  on  the  preservation  of, 

for  bait,  (5)  358. 

poisoning  by,  enquiry  on,  (7)  393. 

sale  and  consumption  of,  in  France, 

(7)  392. 
Mya  arenaria,  (7)  341 ;  (9)  287,  288  ;  (15) 

128  ;  (20)  527. 

tnincata,  (15)  128. 

Myology  of  pectoral  arch  in  gurnard,  (12) 

325. 
Mysidie,  distribution  of,  in  Firth  of  Forth, 

(16)  163. 
MyMion  abyswnim. 

commune. 

Myaidopsis  angusta,  (4)  158  ;  (7)  323  ;  (9) 

308  ;  (15)  133 ;  (16)  158,  162,  209  ;  (17) 

268;  (18)403;  (20)480. 
duUlphyn,  (7)  322;    (16)  133;    (16) 

158,  161,  209  ;  (17)  268;  (19)  276. 
gibbwa,  (4)  158  ;  (6)  264 ;  (16)  133  ; 

(16)   158,    161,    209;    (17)    268;    (18) 

403. 

hi«pida,  (7)  323. 

My  sis  arenosa,  (4)  159. 

auraiUia,  (4)  161  ;  (6)  256. 

— '—  chamaleon,  (6)  254. 

comuta,  (4)  169. 

didelphys,  (7)  322. 

erythrophtkalma,  (7)  322. 

flexuosa,  (6)  254. 

grarUi^,  (7)  323. 

gHffithsio',  (4)  162. 

fwcrmw,  (4)  159 ;  (6)  256. 

lamonut,  (4)  159  ;  (6)  266. 

aniata,  (6)  255  ;  (7)  324. 

roHtrcUtm,  (4)  162. 

spiritus,  (6)  256. 

truncaxulotf  (4)  169. 

vulgaris,  (6)  256 ;  (9)  286 ;  (13)  244. 

Mysis  stage  of  lobster,  (23)  69. 
MytUiis  eaulis.    See  Mussel,  common. 
modiolus,  (4)  218 ;  (7)  347,  362,  356; 

(11)208. 
Myxine  glutinosa.    See  Hagfish. 

N 

Names  of  fishes,  common  and  scientific, 

(7)  36. 
Nannastcums  ungtiiculatus,  (15)  136 ;  (18) 

403;  (19)276;  (20)480. 
NannoptiH  palustris,  (12)  263  ;  (18)  394; 

(20)466;  (21)124. 
Naples,  zoological  station  at,  (6)  308. 
Nassa  incrassata,  (6)  231 ;  (16)  118. 

pygmfta,  (16)  118. 

reticulata.  (16)  118. 

Natica  alderi,  (20)  496,  497,  608. 

gramlandica,  (19)  236. 

National  Sea  Fisheries  Protection  Ab- 

sociation,  (8)  360. 
Natural  history  of  the  herring,  (17)  274. 
Nature  of  *<  red  "  cod,  (6)  10,  S03,  207. 
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NautiluB  aminonoide8t  (8)  317. 

calcar,  (7)  314. 

crepidtda^  (7)  314. 

crtMpusy  (7)  315. 

inJUita,  (8)  315. 

linearis,  (7)  314. 

Navicula  fusiformis,  (15)  300. 

gastrum,  (9)  274. 

aibba,  (9)274. 

Umosa,  (9)  274. 

membranacea,  (15)  214. 

mesdepta,  (9)  274. 

jmsilla,  (9)  274. 

radioaa,  (9)  274. 

reinhardti,  (9)  274. 

mtithii,  (9)  274. 

inridula,  (9)  274. 

NebcUia  bijtes^  (15)  141. 
Nematocdvf  megalops,  (10)  267. 
Nematode  parasite,  (15)  172. 
Nematopti,  (18)361. 
Nematopuft  eleganA,  (4)  158. 

gotufii,  (7)  322. 

pygmcba,  (4)  168. 

serratwt,  (8)  330. 

Nemertea,  (15)  160. 

Nemertidae,  (12)265. 

Neobradya  pectinifer,  (10)  249  ;  (21)  117. 

Neomenia  eariiuUay  (15)  159. 

Neomysis  vulgaris,  (13)  188;    (15)    133; 

(16)  158,  163,  209  ;  (18)  403  ;  (20)  532. 
NtoporUius  angularis,  (16)  271 ;  (17)  262. 
Nephelis  octoculata,  (9)  273  ;  (15)  318. 
Nephropfi  norvegicus,  (6)  259 ;    (7)  356  ; 

(16)  198  ;  (20)  507,  516 ;  (21)  225. 

blood  of,  (4)  171. 

mode  of  attachment  of  eggs  in,  (22) 

118. 
Nephthys  ciliata,  (15)  160. 

hombergi,  (15)  159. 

Neptunae  anliqua. 

Nereicola  conctnna,  (20)  449,  455. 

Nereis  dumerilii,  (15)  159. 

pelagica,  fl5)  159. 

swarms  of  sexual  form,  (12)  187. 

NerUina  fluvialUis,  (9)  288. 

Nerophis     atquoreus.       See    Pipe-fish, 

straight-nosed. 

lumbriciformis.  See  Pipe-fish,  worm. 

Nest  of  ballan  wrasse,  (5)  245. 

Net,  Petersen's,  for  the  capture  of  young 

fishes,  (20)  329. 
— —  small-meshed,  for  collecting  small 

fishes,  (20)  327. 
Nets,  experiments    with  small-meshed, 

(21)40. 
for  the  capture  of  post-larval  and 

youne  fishes,  (20)  328. 
Netheruinds  as  a  market  for  Scottish- 
cured  herrings,  (7)  165. 
Newfoundland,  administration   of    fish- 
eries in,  (8)  365. 
fishery  work  in,  (8)  365 ;  (9)  398  ; 

(10)336;  (11)495;  (13)337. 

hatching  of  cod  in,  (8)  366. 

hatching  of  lobsters  in,  (8)  366. 

physical  observations  at  banks  of, 

(9)420. 
New  South  Wales,  fisheries  of,  (9)  399 ; 

(10)  341 ;  (12)  393. 


New  South  Wales,  fishery  administration 

in,  (9)  398. 
New  Zealand,  fisheries  of,  (9)  400 ;  (13) 

introduction  of  European  fishes  to, 

(9)  401. 
Nicothoe  astaci,  (19)  254  ;  (23)  149. 
Nielsen,  Mr  A.,  (8)  359;  (10)  336  ;  (11 

21,487,496;  (13)  16,335. 
Niha  edulis,  (9)  309  ;  (15)  132,  168  ;  (20) 

491,  523,  524,  535,  537. 
Nitzschia  cloMerium,  (15)  300. 

fraitdulenta,  (15)  300. 

lineola,  (15)  300. 

migranSf  (15)  300. 

seriaia,  (15)  298,  300. 

sigmoidea,  (9)  274. 

thermalis,  (9)  274. 

Nodotaria  communis,  (15)  166. 

obliqua,  (16)  277. 

pauperata,  (16)  277. 

jpen^ersa,  (16)  277. 

pyrula,  (7)  314  ;  (16)  276. 

scaiaris,  (15)  166. 

Nonionina  asUrizans,  (15)  167. 

depressula,  (9)  288  ;  (15)  167. 

elegans,  (8)  317. 

orbicularis,  (16)  277. 

scapha,  (16)277. 

Normal  Company,  factory  of,  (4)  257. 
Norman,  Canon  A.  M.,  (4)  165,  231  ;  (10) 

244. 
NormaneUa  attenuata,  (20)  449,  464. 

dubia,  (12)  250  ;  (15)  151. 

Nonnanion  qtuadrimanus^  (17)  264  ;  (19) 

258. 
North- Extern  Sea  Fisheries  0)mmittee, 

(13)  10. 
North  Sea,  absence  of  algse  on  large  areas 

of  bottom  of,  r9)  406. 
cause  of  the  movement  of  the  sur- 
face currents  in,  (15)  356. 

currents  in,  (12)  351. 

currents  of,  in  relation  to  fisheries, 

(15)  11,  334. 

direction  and  rate  of  currents,  (15) 


338. 


—  division  into  areas  for    statistical 
purposes,  (20)  87. 

—  effect  of  tides  on  surface  currents 


in,  (15)  360. 

—  investigations,  (20)  73. 

—  movement  of  Atlantic  water  into, 
(15)  339. 

—  over-fishins  in,  ( 10)  170. 
physics  ana  chemistry  of,  (7)  13. 


—  prevailing  winds  in,  (15)  360. 

—  rate  and  depth  of  surface  current 
in,  (15)  364. 

relation  of  surface  currents  in,   to 


fisheries,  (15)  367. 

reversal  of  surface  current  in,  (15) 


361. 

seasonal  variations  of  currents  of, 

(15)  335. 

special    fishery    statistics   of,    (21) 


37. 


surface  currents  of,  (18)  370. 


Northumberland     Sea    Fisheries    Com- 
mittee, (13)  10. 
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Norway  and  Sweden  as  a  market  for 
Scottish-cured  herrings,  (7)  166. 

Norway,  artificial  fertilisation  of  ova  in, 
(7)  403. 

Association  for  the    Promotion  of 

Norwegian  Fisheries,  (9)  304. 

bullhead.     Stt  Bullhead,  Norway. 


tish-culture  in,  (5)  234  ;  (13)  339. 

fisheries  of,  (6)  304  ;  (7)  402 ;  (9) 

fish-hatching  in,  (7)  403  ;  (17)  208. 

409  ;  (10)  346 ;  (11)  496  ;  (12)  398  ;  (13) 

341. 

haddock.    Ste  Haddock,  Norway. 

hatching  of  cod  in,  (6)  305  ;  (8)  374 ; 


(9)409. 

—  hatching  of  flat  fish  in,  (7)  405. 

—  hatching  of  lobsters  in,  (7)  405. 

—  lobster.     Stt  Nephrops  norvegicun. 
pout.    See  Pout,  Norway. 


rearing  of  cod  in,  (7)  404. 

scientific  fishery  work  in,  (6)  304. 

Norwegian  topknot.     See  Topknot,  Nor- 
wegian. 
Notes  and  memoranda,  (8)  351. 
Nothria  txibicola,  (15)  159. 
Notodelphy6  agilis,  (6)  238 ;  (7)  326  ;  (15) 

148. 

allmanni,  (6)  238  ;  (15)  148. 

prasiva,  (15)  148  ;  (18)  386. 

Notcilromas  monacha^  (9)  276,  282. 
Xotodelphys  aerulea,  (7)  326. 
Notopterophonui  papUiOy  (15)  148. 
Notomma,  (18)356. 
Nucula  nitula,  (15)  125. 

nudeuift  (16)  125. 

nulcata,  (15)  125. 

tenuis,  (15)  125  ;  (20)  503. 

Nudibranchiata,  (8)  331  ;  (15)  116. 
Numerical  variations  of  fish  at  different 

seasons,  (6)  36. 
Nummulinidas  (7)  311 ;  (8)  317  ;  (15)  167. 
Nurse    hound.      See     Dog-fish,     larger 

spotted. 
Nutritive  value  of  fresh  fish,  (5)  221. 
—  value  of  pale  and  dark  muscles  of 

fish,  (5)  225. 
Nyctiphanes,  (6)  226,  227,  229,  262 ;  (10) 

267  •  (20)  494. 
norvegica,  (4)  157  ;  (6)  254,  255  ;  (7) 

324  ;  (8)  330  ;  (15)  132  ;  (17)  113,  268  ; 

(20)  510. 
as  herring-food,  (4)  123. 


O 


Observations  made  at  trawling  stations 
(14)  133. 

on  the  life- histories  and  develop- 
ment of  the  food  and  other  fishes,  (9) 
14,  317. 

Ociobothrium  aioso',  (19)  145. 

etimarkii,  (19)  147. 

harengi,  (19)  145. 

lanceotatumy  (19)  145. 

merlangi,  (13)  172;  (19)  146. 

jxiimatnm,  (19)  149. 

Mcombri,  (19)  146. 

Octocoiyle  hartngi,  (19)  145. 

RcomJbH,  (19)  146. 


Octocoiyle  Initicaia,  (19)  146. 
Octodactylus  inhcerens^  (19)  149. 
Octopus  vuLgaris,  (15)  114  ;  (20)  534. 
Octostoma  merlafigit  (19)  146. 

Hcombri,  (19)  146. 

Odostomia  acuta,  (15)  121. 

cojispicua,  (15)  121. 

palUda,  (15)  121. 

urtbilicarufy  (15)  121. 

unideiitaia,  (15)  121. 

(Ediceros  iionfegicua,  (7)  320. 

parvimanus,  (10)  263. 

Offshore  fishing  grounds,  investigations 

of,  (9)  21,  388. 

waters,  spawning  of  fish  in,  (7)  183. 

work,  importance  of,  (14)  8. 

Oidium  morrhiuTf  (6)  205. 

Oikopfeura  cophocerca,  (6)  279  ;  (15)  114. 

Jlabellum,  (15)  114. 

Oil-globules,    formation  of,    in  eggs  of 

fishes,  (16)  97. 
Oithona  sttiger,  (9)  301  ;  (20)  454. 
nimilM,  (15)  148,  305,  306,  307,  308, 

309,   310,  311,  315;    (16)    177,    190, 

210. 

apmt/rojw,  (4)  150 ;    (6)  238  ;   (20) 


504 

'»piu%roMrxs,  (6)  238  ;  (9)  301. 


Old-wife.     See  Cantharus  lineattm, 

Olsen,  Mr  O.  T.,  (8)  369 ;  (9)  177,  389. 

OmmoMtrepheSf  sp.,  (3)  67. 

todanu,  (6)  264. 

Onchocotyle.  ajtpeiidiculata,  ( 19)  149. 

Oiicidium  celticum,  (15)  117. 

Oncopterinae,  (18)  360. 

One-spotted  topknot.  See  Topknot,  one- 
spotted. 

OiikictM  arenariutf,  (10)  364. 

Onoba  striata,  (15)  120. 

Ono8,    See  Rocklin^. 

Opah.     See  King-fisn. 

Operculina  ammonoides,  (8)  317  ;  (15) 
167. 

incerta,  (7)  314^ 

Opercular  bones  of  fishes,  lines  of  growth 
in,  (23)  129. 

OphiactiM  ballii,  (15)  163  ;  (20)  312,  319. 

Ophiocamptus  hretnpes,  (13)  249. 

sarsi,  (13)  188,  244,  249. 

Ophiocoma  minuta,  (15)  163. 

nigra,  (15)  162  ;  (20)  312,  319,  324. 

punctata,  (20)  314. 

Ophioglypha  albida,  (6)  230. 

C^hiopholis  aculmta,  (6)  230,  (15)  162  ; 
(•20)  312,  319,  324. 

Ophiothrix  fragUie,  (15)  162;  (20)  313, 
319,  324. 

pentaphyllum,  (6)  230. 

Ophiura  affinis,  (15)  161. 

albida,  (15)  161  ;  (20)  314,  319,  324, 

327. 


ciiiariH,  (15)  161  ;  (20)313,  314,  319, 

324. 

robwta,  (20)  314,  319,  324. 

OrcUien  a«ellinuft,  (18)  163. 

OrbictUina  universa,  (20)  510. 

Orbis  foliacen,  (7)311. 

OrbtUina  univenta,  (7)  315  ;  (15)  167. 

OrcheMia  gammareUus,  (6)  246. 

liu<yrta,  (6)  246  ;  (15)  137  ;  (17)  264. 
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Orchestia  mediUrranea,  (17)  264. 
Orchomene  hatei,  (12)  262 ;  (16)  137. 

humUis,  (19)258. 

aerrata,  (6)  246  ;  (7)  327. 

Orchamenella  minuta^  (15)  137. 

nana,  (20)  516. 

Orcynus  thynnun.       See  Tunny,   short- 
finned. 
Organisms  present  in   "red"  cod,   (6) 

204,207. 
Orkney,  fishing  grounds  off,  (9)  182. 

larval  fishes  of,  (13)  269. 

pelagic  eggs  of  fishes  at,  (13)  269. 

Orthagortscus  mola.     See  Sun-fish. 
0«merus  everlanus.     See  Smelt. 
Osseous  nshes,    development    of    ovary 

and  oviduct  of,  (6)  281. 
significance  of  the  yolk  in  the 

eggs  of,  (6)  280. 
Ostracoda  as  herring-food,  (4)  126. 
of  lochs  and   inland   waters.      See 

Fauna,  invertebrate. 
Ostrea  edulis,  (15)  123. 
Otoliths  of  cod,  lines  of  growth  in,  (23) 

128. 
of  fishes,  lines  of  growth  in,  (23) 

126,  128. 
of  herring,  lines  of  growth  in,  (23) 

127. 


of  plaice,  lines  of  growth  in,  (23) 

128. 
Otter-trawl,  efficiency  of,  compared  with 

beam-trawl,  (20)  118  ;  (21)  30. 
escape  of    small  fishes  from,   (20) 

327. 

extent  of  bottom  swept  by,  (20)  122. 

influence  of  introduction    of,   (20) 

84. 

introduction  of,  (20)  118. 

relative  proportion  of  flat  fishes  and 

round  fishes  caught  by,  (20)  123. 

statistics  of  catches  with,  compared 


with  beam-trawl,  (20)  123. 

width  and  height  of  mouth  of,  when 


fishing,  (20)  121. 

Ova.     See  Eggs. 

Ovarian  eggs  of  teleostean  fishes,  matura- 
tion of,  (16)  88. 

fluid,  nature  and  composition  of,  in 

teleosteans,  (16)  149. 

specific  gravity  of,  (16)  138. 


Ovaries  of  teleostean  fishes,  (16)  92. 

of  teleostean  fishes,  fluid  of,  (16)  93. 

Ovary  and  oviduct   in    osseous    fishes, 

development  of,  (6)  281. 
Over-fishing  and  its  remedies,  (11)  12. 

how  to  deal  with  it,  (10)  188. 

of  the  sea  and  sea-fish  culture,  (10) 

6,  171. 
Oxyethira,  sp.,  (14)  243. 
Oysterbeds  of  Firth  of  Forth,  (14)  13, 

244;  (15)14. 
of  Forth,  cause  of  exhaustion  of, 

(14)  262. 


comparison  of,  with  productive 
beds,  (14)  273. 

condition  of,  (14)  265. 

investigation  of,  (14)  265. 

remedial  measures   proposed, 


Oyster-beds,    statistics    r^arding,    (14) 

261,262. 
temperature  and    salinity   of 

water  on,  (14)  271. 
Oyster-culture,  (12)  387. 

in  France  and  Holland,  (8)  220. 

in  Holland,  («)  415. 

in  United  States,  (9)  402. 

in    Zealand,    investigation  of,    (6) 

306. 


suitability  of  Scottish  waters  for, 

(9)  184. 
Oyster  fishery,  decline  of  Irish,  (6)  300. 

in  Canada,  (9)  397. 

in  Denmark,  (7)  406. 

in  New  South  Wales,  (9)  399. 

in  New  Zealand,  (9)  400. 

research  on  worm  disease  in  Austra- 


lian, (9)  400. 
Oysters,  (8)  17. 
exported  from  Holland,  (13)  341. 


Pachydesma  crasaatelloideSf  (7)  341. 

Pagellus  cerUrodmUua,     See  Bream,  com- 
mon sea-. 

Pagnis  aura^us,  spawning  period  of,  (4) 
'244. 

Pagunm  bemhardus,  (6)  230,  236,  258  ; 
(11)202,206. 

/oW>««»,  (6)  258. 

hyiidmanm,  (6)  258. 

l(evis,  (6)  258. 

thomsoni,  (6)  258. 

itlidianuSf  (6)  258. 

Paiinnon  MquiUa,  (6)  261. 

Palinnrnsj  spawning  period  of,  (6)  299. 
wi/fifarw,  (7)  385  ;  (15)  131. 


Palmipett  membraruiceaj  (8)  332. 

placiufa,  (20)  309,  319,  324. 

Pamlalina    hreriroatrin^    (19)  279 


(20) 


501,  516. 
Pandalus,  spawning  period  of,  (6)  299. 

anntdicomiSf  (6)  261. 

brevirostris,  (6)  261 ;  (16)  132  ;  (16) 

156,  157,  209. 

marffinaia,  (18)  403. 

montagui,  (15)   132  ;   (16)  156,   157, 


(14)  275. 


209  ;  (17)  266  ;  (18)  403 ;  (20)  480,  489, 

491,  500,  &c. 
Pandanm  hicolor,  (18)  157. 
Pantfialis  (erstedi,  (16)  273. 
Paracafanwi  hibenUcuHf   (9)    300;     (15) 

147;  (17)271. 
painms,  (12)  235  ;  (15)  307,  308, 310. 

311,312;  (17)248;  (18)383. 
Paracyj/ris  poHta,  (15)  142. 
Paradoxoatoma  abbreviatumy  (6)  245. 

affine,  (8)  325  ;  (15)  145. 

arcuaium,  (8)  324,  325. 

eiisi/orme,  (6)  245  ;  (16)  264. 

fischeri,  (8)  324. 

flexuomm,  (6)  245  ;  (15)  145. 

hiberniaim,  (8)  324. 

hodgei,  (8)  325  ;  (15)  146. 

obliquum,  (5)   328 ;    (8)  324 

264. 

fwrmanif  (16)  264. 

pftlchellumt  (15)  145. 


(16> 
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PaixLctaxostoma  samiemef  (8)  324. 

variabUt,  (8)  324;    (15)  145;    (20) 

492,  511. 
Parajasm  pelagica,  (19)  265,  271  ;  (20) 

607,  519. 
Paralichthysy  (18)  352,  356. 

maculosuSt  (18)  356. 

Paramemchra  dubiay  (10)  252. 
Paramisophria  cltUhce,    (15)    147;    (18) 

385;  (19)239. 
Paramphithoe  cissimilut.  (12)  264. 

6fctMpw,  (6)  246. 

fucicda,  (6)  247. 

monocwtpis,  (12)264;  (19)262;  (20) 

491,  501,  510,  527. 
Paramuna  hilobata,  (16)  262  ;   (17)  266 ; 

(19)236,272;  (20)510. 
Parajithesaius  duhitufy  (21)  130. 
Paraporadlahrtvicomis,  (4)  149  ;  (6)  238 ; 

(15)  147  ;  (16)  177,  189,  210 ;  (17)  252  ; 

(21)  113. 
ParartotroguA  richardij   (11)  210,   211; 

(18)  401. 
Parasites,  crustaceau,  of  fishes,  (18)  144  ; 

(19)120;  (20)288. 
of  fishes,  (19)  120;    (20)  288;  (22) 

275 ;  (23)  108. 

uf  allis  shad,  (19)  145. 

of  angel-fish,  (20)  295  ;  (22)  277. 

of  angler,  (18)  167,  181 ;  (19)  138. 

of  armed  bullhead,  (18)  162;    (19) 


141. 


—  of  ballan  wrasse,  (19)  139;  (23)  109, 
116. 

—  of  bass,  (23)  109,  117. 
of  bib,  (19)  141 ;  (22)  277,  278  ;  (23) 


108,  113. 

—  of  black  goby,  (19)  138. 

—  of  brill,  (18)154;  (19)  141. 

—  of  Caktnwi /inmarchicuAf  (15)  172. 

—  of  cat-fish,  (18)  176  ;  (19)  140. 

—  of  coal-fish,  (18)  180, 

—  of  cod,  (18)  180,  181  ;  (19)  121,  149 ; 
(23)  108. 

—  of  common  dab,  (18)  150,  167. 

—  of  common  trout,  (19)  132. 

—  of  conger,  (18)  160,  180  ;  (19)  127. 
copep^,  of  fishes,  (18)   145,    179  ; 


(19)  121. 

—  of  crusUcea,  (22)  250,  254. 

—  of  cuckoo  ray,  (18)  170  ;  (19)  lZf>. 
of  fifteenspiued  stickleback,    (18) 


141. 


108. 


of  flounder,  (18)  150  ;  (19)  121 ;  (23) 


—  cf  four-bearded  rockliiig,  (19)  122; 
(20)  289. 

—  of  yuUer*s  ray,  (18)  174. 

—  of  grayling,  (18)  179. 
of  grey  gurnard,  (19)  147  ;  (23)  115, 


116. 


—  of  grey  skate,  (18)  156,  164,  170, 
171,  180;  (19)130,  151. 

—  of  gunnel,  (20)  298. 
of  gurnards,  (18)  150,  163,  169,  180; 


(91)  132,  134;  (23)115,  116. 

—  of  haddock,  (18)  177  ;  (19)  121, 135 ; 
(23)  108. 

—  of  hake,  (18)  166,  175,  178;   (19) 
135,  148. 


Parasites  of  halibut,  (18)  151,  159,  174; 

(19)  126,  140,  142. 

of  herring,  (19)  145. 

of  homelyn  ray,  (19)  130. 

of   Jago's  goldsinny  {Ctenolabrtui), 

(20)  292. 
of  John  Dory,  (18)  167. 
of  king-fish,  (19)  136. 
of  lemon  dab,  (18)  165,  180. 


of  lesser  grey  mullet,  (19)  123, 

of  ling,  (19)  122,  149  ;  (20)288  ;  (23) 

108. 

of  lobster,  (19)  255. 

of  long  rough  dab,  (18)  166. 

of  lumpsucker,  (19)  121,  128,  1*29; 


(23)  108. 

—  of  mackerel,  (19)  124,  135,  146. 

—  of  MuUer's  topknot,  (20)  290. 

—  of  Norway  pout,  (19)  147. 

—  of  picked  dog-fish,  (20)  297. 

—  of  pike,  (19)  139. 

—  of  plaice,  (18)  150,   163,   164;    (19) 
121  ;  (23)  108. 

—  of  pollack,  (18)  153  ;  (19)  121,   150  ; 
(20)  291  ;  (23)  108. 

—  of  porbeagle  shark,   (18)  156,   171; 
(19)  125,  132  ;  (20)  292  ;  (23)  112. 

—  of  red  gurnard,  (16)  143. 

—  of  Sagttta,  (14)  15,  165. 

—  of  salmon,  (18)  152,  172- 
of  sapphirine  gurnard,  (19)  143;  (20) 


299. 

—  of  sea-scoi-pion,  (19)  138,  139. 

short  sun-fish,  (18)  151,  157,  159; 


(19)  126,  144. 

—  of  skates,  (19)  141. 

—  of  sole,  (18)  146,  165 ;  (19)  121,  139, 
142  ;  (23)  108. 

of  speckled    goby,   (18)   162;    (19) 


128. 

—  of  spotted  dragonet,  (18)  162,  168; 
(19)  1^;  (20)  298. 

—  of  sprat,  (18)  161  ;  (19)  127. 

—  of  starry  ray,  (20)  295,  299. 

—  of  sting-ray,  (22)  275,  276,  278.  279. 

—  of  streakea  gurnard,  (19)  133,  143. 
of  striped  wrasse,  (19)  127 ;  (20)  291, 


293. 

—  of  sturgeon,  (23)  110. 

—  of  thrasher  shark,  (19)  125. 
of  three-bearded  reckling,  (20)  289, 


291  ;  (23)  110. 
—  of    three-spined    stickleback,    (18) 
147.  179;  (19)122. 

of  thomback   ray,  (18)    156,    171  ; 


(19)  130,  151 ;  (20)  299,  900. 

—  of  tope,  (18)157,  172. 

—  of  torsk,  (18)180. 
of  turbot,  (18)  152,  165;   (19)  137, 


143. 


of  twaite  shad,  (18)  176  ;  (19)  145. 
of  whitmg,  (18)  178;  (19)  121,  146, 


149 ;  (23)  108. 
—  of  MuUer's  topknot,  (19)  122. 
on  young  flat  fishes,  (16)  242. 


Parasitic  copepods,  (20)  288. 

larval  actinise  on  hydromeduBfle,  (6) 

281. 
skin  disease  in  Montagu's  sucker, 

(11)39.3. 


228 


Part  III. — Tweniy-third  Annual  depart 


Parasitic  worms  on  fish,  (19)  137. 
PamstephoH pallidum,  (21)  111. 
Paratachidius  gracilis^  (6)  239. 
ParatanaM  batei,  (19)  289. 

forcipatwtj  (6)  251. 

ParatlialtAitrM  dawfii,  (9)  303. 
ParathemiiitOy  distribution  of,  in  Firth  of 

Forth,  (16)  173. 

compressaf  (10)  265. 

gmcUipM,  (10)  266  ;  (15)  305,  306, 

309,310,311,315. 
oblivia,  (6)  227,  228,  250,  251  ;  (10) 

265  ;  (16)  170,  171,  173, 179,  210 ;  (18) 

401  ;  (20)  513,  516,  533. 
Paraiylw  fcUcatw,  (U)  160;    (20)  527; 

(22)  243,  257. 
aioammerdami,   (15)140;  (16)   170, 

210  ;  (19)  271  :  (20)  492,  510,  516,  519. 

uncincUus,  (14)  160  ;  (19)  262. 

vediomefnsUy  (15)  140. 


170, 


Pardachirus  patKminutf,  (18)  359. 
ParianibiUi  typicui*j  (15)  141  ;   (16) 

177,  210  ;  (20)  527,  529. 
Park  Loch,  Cantyre,  invertebrate  fauna 

of,  (16)  250. 
Paropkrya  coniuta^  (18)  353. 
Parthenia  intersiincta,  )15)  121. 

rv/escena,  (15)  121. 

apiralist  (15)  121. 

Pasiphofa  sivado,  (15)  132,  162  ;  (20)  480. 
Patella  vulgata,  (15)  122. 

as  bait,  (7)  352,  356. 

Patellijia  comigcUa,  (8)  317  ;  (15)  167. 
Pathology  of  fishes,  notes  on,  (12)  291. 
Paton,  Dr  Noel,  (12)  297. 
Peachia  hastata,  (4)  216  ;  (6)  279. 
Pearcey,  Mr  F.  G.,  (17)  248  ;  (20)  17,  304. 
Pearl-sides,    British    {MauroHcua    pen- 

naHtii)^  luminous  organs  of,  (6)  281. 
Pecten  maximuSf  (15)  123. 

opercularis,  (15)  124. 

as  bait,  (7)  352,  356. 

See  Clam. 

pts-lutra,  (15)  124. 

pusis,  (15)  124. 

simUis,  (6)231;  (15)  124. 

striatus,  (15)  124. 

tigrinum,  (6)231  ;  (15)  124. 

varius,  (15)  123  ;  (20)  496,  497. 


Pecteiiaria  belgicay  (15)  158. 

totnopteris,  (20)  529. 

Pectoral  girdle  of  fishes,  lines  of  growth 

in,  (23)  131. 
Pediastrum  selenitaf  (9)  282. 
Pediculua  salmonis,  (18)  173. 
Pelagic  eggs  of  fishes.   See  Esgs,  pelagic. 
and    larva3    foun(l    far    from 

shore,  (9)  392. 

as  guide  to  spawning  seasons, 


(15)  220. 


13,  219. 


devoured  by  Crustacea,  (9)  395. 
distribution  of,  (13)  258  ;  (15) 

larval,  and  young  food  fishes 
collected  by  the  **  Garland,"  (8)  283 ; 
(9)  334  ;  (11)  254  ;  (12)  298  ;  (13)  258. 

occurrence    of,    as    guide    to 

spawning  areas,  (15)  219. 

preservative  solutions  for,  (11) 

253. 


Pelagic  eggs,  report  on,  (11)  18,  250. 

unknown  forms  of,  (9)  320-321. 

fauna  of  St.  Andrews  Bay,  (6)  274  ; 


(7)  10,  259  ;  (8)  270  ;  (11)  17,  284. 
in  relation  to  the  food  of  fishes. 


(6)  281. 
PelamyM  aarda.     See  Bonito,  belted. 
Pelonaia  corrugaia^  (8)  332. 
PeUmna  variabilis,  (16)  274. 
Peltidium  dtpressum.  (4)  153  ;  (6)  241. 

interruptum,  (4)  153  ;  (6)  241. 

^77W*reuwi,(5)328;  (15)  152;  (19)250. 

Peltogottter  carcini,  (6)  236. 

paguri,  (6)  236  ;  (15)  156. 

Pdtarhampus,  (18)  360. 
PeneUaJihroaa,  (23)  113. 

JiloM,  (23)  113. 

orthagoriacus,  (23)  113. 

Pennatulajiloaa,  (23)  113. 

Pennell,   Mr  Cholmondeley,  enquiry  on 

Forth  oyster-beds  by,  (14)  258. 
Peracantha  truncala,  (9)  276,  277,  294  ; 

(11)  234  ;  (13)  245,  250  ;  (14)  168  ;  (16) 

321  ;  (17)  141,  145,  160,  165,  173,  185. 
Perch  (Perca  Jluviatilia),  spawning  period 

of,  (4)  244. 
Peridiniea,  (15)  213. 
Peridinium,  injurious  effects  of  shoals  of, 

on  fish,  (9)  400. 

divergena,  (16)  298,  302. 

rabulatum,  (9)  280. 

Periocvdodea  longimamia,  (15)   139  ;  (16) 

170,  177,  210 ;  (20)  491,  503,  616,  523. 
Perisaiaa,  (18)357. 
Perrierelia  audouiniana,  (15)    137;  (19) 

258. 
Petalomera  declivia,  (11)  215. 
Petalomrma  declivia,  (16)  167,  209  ;  (19) 

236,  274  ;  (20)  610 
Petersen,  Dr  C.  G.  Joh.,  (7)  384  ;  (8)  21 ; 

(9)  20,  389,  412;    (10)  348;    (11)  21, 

487,  500  ;  (12)  302,  400  ;  (13)  16,  340  ; 

(16)226;  (17)239. 

on  growth  of  plaice,  (17)  239. 

Peterseirs  net  for  the  capture  of  young 

fishes,  (20)  329. 
PetromyzcnifiuviaiUia,     See  Lampem. 

marinua.     See  Sea-lamprey. 

Pettersson,  Professor  Otto,  (11)  8;  (12) 

236;  (13)339;  (18)374. 
Phcenna  zetlandica,  (20)  449,  453. 
Phascoloaoma  atrombi,  (16)  160. 
Pfuiaianella  atyltfera,  (7)  324. 
Pherusa  biciLapia,  (6)  246. 

fucicola,  (6)  247. 

Philiiie  caiena,  (16)  116. 

pruinoaa,  (15)  116. 

punctata,  (15)  116. 

acabra,  (15)  116  ;  (20)  610,  527,  52!?. 

Philomedea  brenda,  (15)  169. 

irUerptmcta,  (6)  245  ;  (15)  145  ;  (20) 

503,511,517. 
Photia  longicaudata,  (10)  265;  (17)  265  ; 

(19)264;  (20)511,623. 

tenuicomia,  (20)  501,  510. 

Phoxocephalua/iUtoni,  (8)  327  ;  (19)  259. 

holboUi,  (15)  138  ;  (20)510. 

oculatus,  (19)  269  ;  (20),  477. 

Phoxua  holboUi,  (7)  320. 
plumoaus,  (6)  246. 
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Phryiiorhotnhua  unimaculata. 

See  Topknot,  one-i«potted. 

Phryxua  abdominalis,  (6)  251  ;  (18)  403  ; 

(19)  272  ;  (20)  610. 

paguri,  (6)  251. 

PhtUica  marina,  (15)  141  ;  (19)  267  ;  (20) 

523;  (20)511. 
Phycut    blennoiden.  See    Forkbeard, 

greater. 
PhyUocotyle  gumardi,  (19)  147  ;  (23)  115. 
PhyUoiiella  hoUgr,  (19)  142. 
PhyM/otUinalM,  (9)  272,  276  ;  (13)  249  ; 

(15)320;  (17)  139,159,185. 
Physical  and  chemical  changes  in  eggs  of 

teleostean    fishes  during  maturation, 

(16)  135. 

characters  of  closed  areas,  (14)  130. 

conditions  of    water    of    Firth    of 

Forth,  (5)  50,  349. 

of  Loch  Fyne,  (15)  262. 

of  St.  Anarews  Bay,  (5)  54. 

configuration  of  Loch  Fyne,  (15)262. 

investigations,  (11)8,  20,  395  ;  (13) 


302. 

— in  iSweden,  (13)  339. 

international,  (15)  280, 

on   board  H.M.S.    •*  Jackal," 

(12)21,337. 

observations,  (7)  13,  409,  412 ;  (8) 


19  ;  (9)  18,  188,  353  ;  (10)  7  ;  (14)  8. 

chemical  condition  of  water  in 

Loch  Fyne,  (15)266. 

in    connection  with  the  fish- 


eries, (6)  309. 

in    Faeroe-Shetland    Channel, 

August  1896,  (15)280. 

-  in  Firth  of  Clyde,  1896,  (15) 


94. 


128,  130. 


in  Firth  of  Forth,  1896,  (15)  89. 
in  Loch  Fyne,  (15)  262;   (17) 


90. 


in  Moray  Firth,  1896,  (15)  91. 
in  St.  Andrews  Bay  1896,  (15) 

report  on,  (4)  189. 

report    on     those    made    on 

H.M.S.    "Research"  during   August 
1896,  (15)280. 

work     done     on      board    H.M.S. 


**  Jackal,"  July  and  August  1887,  (6) 

359. 
Physiology  of  fishes,  notes  on,  (12)  291. 
Phyto-plankton    collected    by    H.M.S. 

**  Research,"  report  on,  (15)  297. 
Picked  dog-fish.     Ste  Doff-fish,  picked. 
Pike  {Eaox  luciu«),  digestibility  of ,  (5)228. 

oggs  of,  (5)  347. 

parasites  of,  (19)  139. 

rate  of  deposition  of  eggs  of,  (5) 

349. 


saury  {Scoml}eresox  naurutt),  (18)287. 

spawning  of,  (6)  347. 

spawning  period  of,  (4)  252. 

Pilchard    {Clupea  pUchardw),  (10)    14, 
161. 

development  of,  (12)  386. 

from  Morav  Firth,  (22)  284. 

skeleton  of,  (5)  289. 

spawninff  period  of,  (4)  253. 

ii^e  alw  Sardine. 


PUidium /ulvum,  (15)  122. 

Pinnotheres  putum,  (6)  230,  257. 

PiotiocypriH  vidua,  (15)  321,   326;   (16) 
252  ;  (17)  140,  155,  164,  167,  183. 

Pipe-fish,      broad-nosed     (Siphonostoina 
typhie),  (15)  113;  (18)288. 

deep-nosed.     See  Pipe-fish,  broad- 
nosed. 

great  {Synffnathus  acus),  (15)  113  ; 


(18)  288;  (23)157. 

fecundity  of,  (9)  268. 


food  of,  (20)  487,  534. 

—  straight-nosed  (Nerophis  cequoreus), 
(15)113;  (18)  289. 

food  of,  (20)  487,  534. 

—  worm    {Nerophis    /ttm6rtc(/ar»iM), 


(15)113;  (18)289. 
Pipe-fishes,  development  of  eggs  of,  (13) 

333. 
Pvtcicola  scorpiiy  (19)  139. 
PiMxum  amnicum,  (8)  336. 
foiUviole,  (8)  336,  338  ;  (9)  271,  276, 

284,  285  ;  (13)  244  ;   17)  139,  185. 
nitidnm,  (8)  336,  SS8,  340  ;  (9)  271, 


276,  284 ;  (13)  188,  244  ;  (17)  139,  159, 
185. 

pusif/umy  (8)  336,  337,  338,  339,  340; 


(9) -271, -276,  281,  283,  284;  (12)  285; 
(13)188,244,249;  (14)168,239;  (15) 
320,  332 ;  (16)  259  ;  (17)  156,  159,  185. 
roseum,  (8)  341  ;  (9)  288 ;  (15)  320. 


Place  of  fishing  of  Aberdeen  trawlers  in 

1901  and  190S,  (21)38. 
of  fishing,  necessity  of  ascertaining, 

for  statistics,  (21)38. 
Placopmlina  bulla,  (19)  230,  257. 
Plagusia  nuirmoraia,  (18)  359. 
Plaice   (Plenronecten  platfyma),  (18)  286. 

abnormal  specimen  of,  (10)  298. 

age  of,  (20)  357. 

ago    of,    at    maturity,     (20),    359, 

360. 

age-groups  of,  (17)  238. 

albino,  (22)  286  ;  (23)  261. 

classification  of,  (18)  353. 

conditions  afiecting  abundance    of 


small,  on  beaches,  (17)  233. 

—  date  of  settling  of  young,  on  beach, 
(16)  241. 

—  decrease  of,  (14)  12,  146. 
development  of,  (9)  14,  311 ;  (10)  7  ; 


(11)  18,  274. 

of  post-UrvsB  of,  (16)  179. 


228. 


diagnostic  characters  of  young,  (16) 


—  difficult;  of  distinguishing  immature 
from  spent,  (18)  192. 

—  distribution  of,  (21)  21,  24,  26. 

of  immature,  (14)  148. 

of,  near  shore,  (20)  347. 

of  postlarvaB  of,  (16)  238,  240. 

of,  reguUr,  according  to  depth 


and  size,  (8)  166. 

of,  vertical,  according  to  size, 


(17)242. 


of  young  and  adult,  (21)  40. 


—  duration  of  pelagic  stage  in,  (20)  339. 

—  eggs  of,  (7)  303;  (8)  284;  (16)  91, 
114,  116 ;  (17)  82,  83,  84,  93,  96,  103, 
106. 
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Plaice,  eggs  of,  change  of  volume  during 

maturation,  (16)  141. 

ogg8»  distribution  of,  (15)  229. 

distribution    of,    in    Firth  of 

Clyde,  (15)248. 

retention  of,  by  female,  (18)  390. 

size  of  intraovarian,  in  small, 


(20)  356. 

—  embryo  of,  (16)  215. 

—  fecundity  of,  (9)  263. 

—  food  of,  (7)  223,  231,  236,  237,  238, 
239,  -241,  -252;  (8)  230,  232,  245,  249, 
250,  251,  '252,  253,  255,  256;  (9)  222, 
233,  236,  237,  239,  240,  241 ;  (10)  212, 
217,  219,  229  ;  (20)  306,  487,  &c. 

food  of  post-larvae,   (15)   180;  (16) 


224. 

—  food  of  small,  (20)  524. 

—  growth,  rate  of,  (11)  192  ;  (13)  289  ; 
(17)  '232 ;  (20)  334,  337  ;  ('23)  125,  133. 

—  growth  of,  in  Solway  Firth,  (20)  346. 

—  growth  of,  on  East  Coast,  (20)  347. 
-  growth,    comparative,    at    Dunbar 


andf  in  Denmark,  (17)  246. 
—  growth,    comparative,    of 


females 
ancT  males,  (20)  356. 
—  growth  of  small,  arrested  in  winter, 
(20)  342. 

hatching  of  eggs  of,  (12)  10;   (13) 


9,  123;  (14)  152;  (16)  220;  (17)  205; 
(18)330;  (21)  180;  (22)262. 

—  immature,  abundance  of,  in  shallow 
water,  (22)  28. 

non-migratory,  (8)  168. 

at  Grimsby,  (12)  386. 

landed  at  Grimsby,  (13)  332. 

—  large  hauls  of.  (20)  107. 

—  larvae  of,  (12)  168,  215. 
larval  and  post-larval  stages  of,  (15) 


175. 


—  lines  of  growth  in  otiliths  of,  (23) 
126,  133. 

in  scales  of,  (23)  125. 

—  mature  and  immature,  (8)  1(36. 
maturity,  minimum  size  at,  (8)  161, 


162,  163. 

—  maturity,  average  size  at,  (18)  190 ; 
(22)  156. 

maturity,  average  size  at,  in  north- 


ern North  Sea,  (18)  199. 
—  maturity,  average  size  at,  in  North 
Sea,  Kattegat,  and  Baltic,  (18)  199. 
maturity,  average  size  at,  in  south- 


em  North  Sea,  (18)  197. 

—  maturity,  size  at,  (10)  238  ;  (20)  357. 

—  maturity,  size  at,  in  different  regions, 
(20)  ;^58. 

—  measurements  of  young,  (17)  236. 
migrations  of,  (7)  406;    (11)   179; 


(15)375;  (21)40. 

migrations  of,  experiments  on,  (9) 


412. 


—  migrations  of,  extent  of,  (21)  42. 

—  migrations  of,  in  relation  to  matur- 
ity, (8)  168. 

—  movement  of,  in  inshore  waters,  (11) 


16,  185. 

—  movement,  rate  of,  (21)  42. 

—  multiple  tumours  in,  (3)  66 ;  (4)  214. 

—  mutilated  specimen  of,  (21)  229, 


Plaice  on  Fisher  Bank,  (21)  41. 

parasites  of,  (18)  150,  163, 164;  (19) 

121  ;  (23)  108. 

peculiarly  coloured,  (13)  234. 

percentage  of  marked,    recovered. 


(15)  375. 

period  of  greatest  growth  of,  (17) 


239. 


—  post-larval  stoges  of,  (16)  225,  228. 

—  proportion  of  males  to  females,  (8) 
348,  .349  ;  (20)  357. 

proportion  of  immature,  landed  by 


trawlers,  (22)  18. 

quantity  of  small,  taken  in  shallow 


water  by  otter-trawl,  (22)  28. 
rearing  of  post-larval,  (15)  14;  (16) 

223. 
relation  of  distribution  of,  to  depth 

of  water,  (20)  347,  352. 

relation  of  length  to  weight,   (22) 


144,  145,  205,  '240. 
—  relation  of  spawning  period  of,   to 
temperature,  (15)  248. 

relation  of  temperature  to  growth  of. 


(20)  342. 

—  relation  of  temperature  to  spawning 
of,  (20)  344. 

reversed  action  of  gill-oover  in,  (22) 


287. 

—  sexual  proportions  of,  ( 10)  239. 

—  size  ana  age  of,  at  maturity,  (17)  246. 

—  size-limit  oetween  mature  and  im- 
mature, (22)  18. 

size-limits,  various,  proposed,  (18) 


190. 


41. 


size  of,  on  deep-water  grounds,  (21) 

sizes,  maximum,  of  maleand  females, 
(20)  357. 

—  sizes  of,  (14)  143. 

—  small,  difficulty  of  preserving,  alive 
on  trawlers,  (20)  107. 

spawning  of,  influence  of  change  of 


temperature  on,  in  confinement,  (20) 
441. 

spawning  grounds  of,  (8)  259  ;  (15) 


230 ;  ('23)  20. 

spawning  period  ot,   (4)  250 ;    (7) 


171,  187  ;  (1)  260  ;  (10)  234  ;  (16)  230  ; 
(17)97;  (20)338. 

—  spawning  period,   duration    of,    in 
large  tank  at  hatchery,  (22)  262. 

special  distribution  of  young,    on 


beach,  (17)  235. 

stage  at  which  larras  begin  feeding. 


(16)  2*24. 

—  tenacity  of  life  in,  ('23)  252. 

—  variability  of,  (18)  201. 
varieties  of,  (20)  336. 


— —  young,  caught  in  bag-net  fishing, 
(23)  157. 

Plankton  in  fresh-water  lochs,  distribu- 
tion of,  (17)  133. 

of  Forth,  (16)155. 

method  of  collecting,  (15)  212. 

notes  on  animal,  collected  by  H.M.S. 

"Research,"  (15)  305. 

plant,  (15)212. 

didymus-,  characters  of,  (15)  902. 

phyto-,  report  on,  (15)  297. 
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Plankton,  sira-,  charactors  of,  (15)  902. 

styli-,  (15)303. 

tncho-,  characters  of,  (15)  302. 

tripos-,  characters  of,  (15)  302. 

Plaiiorhi^  albwt,   (8)  336  ;   (9)  271,  276, 

*2S1,  285  ;  (13)  '249  ;  (15)  320,  331,  332; 

(16)251  ;  (17)  139,  155,  159,  185. 
coiUortwi,  (8)  336,  341 ;  (9)  271,  276, 

281,  284,  285  ;  (13)  249  ;  (15)  320,  330, 

332  ;  (17)  155,  159,  185. 

glaber,  (13)  244  ;  (15)  330,  332 ;  (17) 


139   185. 

iMutiiewi,  (9)  271,  276,  288;   (13) 


188,244;  (14)239;  (15)320,332;  (16) 
251,  257,  259  ;  (17)  159,  185. 

var.  criMatay  (13)  244. 

nitidus,  (9)  284  ;  (13)  249  ;  (15)  320 


(17)  139,  159,  185. 
—  ffpirorbis,  (8)  339  ;  (9)  283,  284. 
t-orlex,  (9)  285. 


Pla'norbiUina  mediferraneimHt  (15)  167. 
PlatkhthyH  tftelfxitus,  (18)  353. 
Platophrys,  (18)357. 

lafenia.    See  Scald  fish. 

Piatybdella  solea,  (19)  139. 
Platyckelipu8   lUtoralM,   (11)    203,   205; 

(15)317. 
Platyptn/UiUi  minor^  (20)  449,  455. 
PUUyttomcUichthys    hip}X)gl<Msoides,    (18) 

352. 
Playfair,  Sir  Lyon,  (10)  173. 
PUctanocotylt  loreiiziif  (23)  1 16. 
Pleonexes  gammarodes,  (15)  141. 
PleurobranchuM  pltimula,  (15)  116. 
Pleurogonium  iiurme,  (17)  266  ;  (19)  236, 

272. 

nibicuHdnm,  (17)  266. 

tipinoetM9imum  (17)  256  ;  (19)  272. 

Pleuromma  armcUum,  (15)  147. 
Pleurontctes  cytioglosatut.    See  Witch. 

fiemts.    See  Flounder, 

limanda.     See  Dab,  common. 

megastoma.     See  Megrim. 

microcephalw*.    See  Dab,  lemon. 

platenmr.     See  Plaice. 

Pleuronectid,  B.,  eggs  and  larrse  of,  (9) 

319. 
Pleuronectid»,   (18)  351,   352;   and  »ee 

Flat-fishes. 
Pleuronectids,    post-larval     forms,     (7) 

306. 

remarks  on  ^oung,  ( 10)  274. 

young,  specimens  of,  (11)  246. 

Pleuronectinui,  (18)  351.  352,  353,  358. 
PlenrmiichthyH,  (18)  353. 
Pletirophyflidia  lov^tniy  (7)  325. 
Pleuroitigma  acuminatum^  (9)  274. 

trpencen't,  (9)  274. 

Pleurotoma  seplangviaris^  (20)  522. 

trevelyanttf  (20)  622. 

turricola,  (20)  522. 

PleuroxuB  kama^us,  (9)  294. 

hastalw,  (9)  294. 

hnnM,  (9)  277,  294;  (13)  250;  (15) 

321. 


—  trigonellm,  (9)  273,  277,  283,  294 ; 
(12)286;  (13)245,260;  (14)  168;  (15) 
321,  331,  333;  (17)  140,  160,  165,  185, 
ftc. 

—  truncata,  (9)  294. 


PleuroxiM  uncinatuSf   (9)  273,  275,  277, 

294;    (13)  250;    (15)    321;    (17)    140, 

160,  164,  185. 
PacUopsetta,  (18)  361. 
Podalirius  typicuSj  (6)  250,  274. 
Podoceropnin  excavata^  (15)  141 ;  (20)  501. 

rimapalma,  (6)  248. 

naphio',  (6)  248  ;  (15)  141. 

Podocerus  capillaiuSy  (6)  249. 

cumhretufisj  (16)  262. 

falcatus,  (6)  249. 

Herdmani,  (14)  161 ;  (16)  262. 

palmatm,  (17)  266. 

pelagicwf,  (6)  249. 

puicheilvs,  (6)  249. 

ptMil/w,  (14)  161  ;  (15)  141 ;  (17)265. 

Podon  iiUermediuitt   (15)   142,   305,   306, 

307,  308,  310,  311,  315  ;  (-20)  476. 

leuckartiiy  (20)  476,  532,  533. 

attacking  post-larval  fish,  (22) 

279. 


pofyphemoides,   (9)  308;    (15)   142; 

(16)210;  (20)476,477. 
Podcpsis  tflal)berif  (6)  254. 
^o^e.     See  Armed  bullhead. 
Poisoning  by  raw  fish,  (7)  408. 
Pole-dab.    iSe«  Witch. 
Pollan     {Coregoniuf    pollan),     spawning 

period  of,  (4)  252. 
Pollack  (Oadua poUachiuah  (18)  283. 
anatomical  differences  from  cod  and 

coal-fish,  (20)  250. 
comparison  between,  and  cod  and 


coal-fish,  (20)  228,  244. 

—  development  of,  (14)  171. 

—  distribution  of,  (21)  60. 
eggs  of,  (10)  288  ;  (14)  171 ;  (17)  82, 


83  93  96. 
'food  of,  (7)  240  ;  (8)  251 ;  (19)  267  ; 


(20)  517. 

—  habits  of  young  of,  (4)  209. 

—  hatched  in  United  States,  (13)  337. 

—  in  Loch  Fyne,  (4)  233  ;  (15)  111. 

—  migration  of,  (21)  61. 

—  osteology  of,  (20)  228,  261. 

—  parasites  of.  (18)  153;  (19)121,150; 
(20)  291 ;  (23)  108. 

proportion  of  males  to  females,  (8) 


349. 


—  quantities  landed  by  trawlers,  (21) 
61. 

—  spawning  period  of,  (4)  248 ;  (7) 
194  ;  (8)  268  ;  (11)  246  ;  (17)  99  ;  (20) 
251  ;  (21)61. 

specific  description  of,  (20)  248. 


Polycarpa  rtMttra,  (15)  114. 
Polycera  quadrilineatay  (15)  116. 
Pofycimm  aurayt^tacn^,  (15)  158. 
Polycope  compresaa,  (7)  318,  319. 

orbicularis,  (7)319  ;  (8)  325;  (16)  146. 

punctata,  (16)  146. 

Polydora,  (4)  217. 

{Leucodare)  eiliata,  (9)  40a 

Pofymnia  naMdewds,  (15)  158. 

nelmfotta,  (15)  158. 

Polymorjthina  compresm,  (8)  316 ;   (16) 
277. 

gihba,  (7)  316 ;  (15)  167. 

lacUa,  (7)  316  ;  (16)  166. 

lanceolata,  (16)  277. 
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Polymorphina  oblonga,  (7)  316 ;  (16)  277. 

rotuiuiatat  (15)  167. 

sororia,  (16)277. 

tuhulosa,  (15)  167. 

Polynoe  ifquaTnata,  (15)  160. 
Polyphtmus  oculuti,  (9)  295  ;  (11)  234. 
peflictUtut,  (9)  273,  277,  280,   295  ; 

(11)  234  ;  (12)  286  ;  (13)  188,  245,  250  ; 

(14)  168  ;  (15)  333  ;  (16)252,  260  ;  (17) 

138,  140,  144,  145,  185,  &c. 
Polyprion  americanuA.     See  Stone  basse. 

cemium.     See  Stone  basse. 

Polystoma  appendicuicUum,  (19)  151. 
Poly«tomella  cri«pa,  (7)  315  ;  (15)  167. 

tUrUito-puiictatxi,  (15)  167. 

umbilicatula,  (9)  288. 

PoiUella  brevicomis,  (17)  252. 

woUasUmi,  (17)251  ;  (18)  385;  (21) 

113. 
Poidobdella  muricatUf  (19)  141. 
PoiUocrates  aUainarinuti^   (6)  246;    (15) 

139 ;  (*20)  491,  492,  510,  529. 

areiiariut*,  (20)  516,  523,  525. 

hajjlocheles,  ( 10)  263. 

norvegicuH^  (7)  320. 

PoiUocypris  acuptinctata^  (8)  320. 

mytiioid€i*,  (7)  316  ;   (15)  142. 

tHgotidla,  (8)  321  ;  (15)  142. 

PoHtophUus  ttphiosus,  (15)  131  ;  (19)  278. 
PotUopofife^f  typicm,  (12)251  ;  (15)  151. 
Poor-cod  {Oadwi  minutus),  (18)  282. 
eggs  and  larvaj  of,  (11)  239;  (17) 

cKu,  oo,  o4,  vY,  in). 

in  Loch  Fyne,  (4)  232  ;  (15)  111. 

peculiar  example  of,  (11)  241. 

question  of  specific  distinction  from 

bib  or  whiting-pout,  (4)  208. 
spawning  period  of,  (17)  98. 


PoraniapxdvUhui,  (15)  161  ;  (20)  309, 319, 

324. 
Porbeagle.     See  Shark,  porbeagle. 
PorceilancL  longicomut,  (6)  258  ;  (15)  130 ; 

(16)  198  ;  (20)  489. 

platycheles,  (6)  257. 

PorceUidxnm  fasciattim^  (10)  258. 

Jimhriatum,    (4)   153;    (6)  242;   (9) 

304;   (15)  153. 
Porella  conipresM.,  (16)  156. 
Porpoise,  food  of,  (21)  226. 
Porpoises,  damage  to  fisheries  by,  (7)  394. 
Portugal  as  a  market  for  Scottish-cured 

herrings,  (7)  163. 
Portumnus  latipes,  (6)  267. 

ixiriegatusy  (6)  257. 

Portuima  arctuUiis,  (19)  280. 

d^purator,  (6)  256  ;  (15)  130. 

holsaiue,  (6)  256  ;  (20)489,  607,  611, 

636,  537. 

marmoreus,  (6)  256  ;  (16)  130. 

pvber,  (6)  266  ;  (16)  130  ;  (19)  279. 

pusiUvs,  (6)  266,  266  ;  (16)  130 ;  (20) 


607,  526. 
Post-larval  fish  attacked  by  Podon,  (22) 

279. 
fishes,   distribution  of,    in    Moray 

Firth,  (16)257. 

forms  of  food-fishes,   (6)  269 ;    (7) 


306;  (14)223. 
—  and  young    fishes,    nets    for    the 
capture  of,  (^)  328. 


Post-larval  plaice,  rearing  of,  (15)  14. 
PotamocyprM  ftdiyi,   (6)  328  ;    (9)   272, 

276,  282,  284,  286,  '288  ;  (13)  246 ;  (15) 

321,  330,  333  ;  (16)  252  ;  (17)  160,  183, 

194. 
Potter,  MrM.  C,  (8)361. 
Pouchet,  Professor  G.,  (7)  389  ;   (8)  21, 

373;  (9)  19,389;  (10)  160,  &c. 
Pout,  Norway  {Gadus  emnarkix)^  (18)282. 
abundance  of,  in  northern  part  of 

North  Sea,  (19)282. 

abundance  of,   on  deep-water 


grounds,  (19)  64  ;  (21)  20,  25,  30,  35. 

age  of,  (19)  166. 

-  as  food  for  other  fishes,  ( 19) 


166. 

cysts  in  eye  of  Clyde  speci- 
mens of,  (19)  284. 

distribution  of,  in  North  Sea, 

(19)  282,283. 

-food  of,    (20)   486,   511;   (21) 


221. 


195. 


growth  of,  (19)  164,  156  ;  (22) 


maximum  sizes  of,  (19)  166. 
occurrence  of,  on  East  Coast, 


(20)  639. 


(22)234. 


parasites  of,  (19)  147. 
relation  of  length  to  weight. 


200. 


164. 


reproductive    organs  of,    (22) 
size  of,  at  first-maturity,  (19) 

spawning  period  of,  (19)  164. 
—  silvery  {Gadus  {Oadiculvs)    argtn- 
^eu/«),  (19)284. 

occurrence  of,  at  Aberdeen,  (4) 


210  ;  (20)  640. 
Praniza,  (16)  242. 
Praitnm  flexuosus,    (16)    158,   162,209; 

(20)  492,  507. 
inermu!,  (16)   133;    (16)   168,    163, 

209  ;  (18)  403  ;  (20)  493,  616,  626. 
neglectuSf  (15)  133. 


Preservation  of  fish,  (6)  289. 
PriaptUiuf  caudatus,  (8)  332. 
Prince,  Professor  E.    E.,    (4)  211  ;     (6) 

280  ;  (8)  8  ;  (9)  15,  318,  343,  349  ;   (10) 

275,  323;  (13)  147. 
Prince  Albert  of  Monaco.     Set  Monaco. 
Pruiti%i>rus  melanostomtie.     See  Dog-fish, 

black-mouthed. 
Productiveness      of      fishing      grounds, 

method  of  ascertaining,  (21)  38. 
Proportion  of  fish  caught  in  a  given  area, 

(14)  146. 
Proportional  numbers  and  sizes  of   the 

sexes  among  sea^fishes,  (8)  348. 
Protective  resemblance  in  young  lump- 
suckers,  (11)390. 
Protella  phaama,  (6)  250;  (16)  263;  (18) 

402;  (19)267;  (20)601. 
Proteanvia  fusi^ormie,  (8)  314. 

pseudO'Sptralis,  (7)  313. 

Proto  goodsiri,  (6)  260. 

pedata,  (6)  250  ;  (20)  492. 

r>entricofta,  (6)  260. 

Protomedeiafasciata,  (6)248;   (20)  479, 

491,  603,  617,  620,  623. 
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Protomedeia  hirsiUimafiay  (6)  248. 
Psammobia  ferranMiA,  (15)  127. 

tellimlfn,  (6)  231. 

PMimmodiscus  ocel/atuf*,  (18)  357. 
Pmmmo^phcera  fuiica,  (8)  314 ;  (19)  236, 

257. 
Paettinae,  (18)  351. 
P»eUichthy»i  mdanoj^ttcu)*,  (18)  352. 
PsettocUs,  (18)  354,  356. 

erHtnei,  (18)  356. 

Pnewlanthesiiiwi  gracilis,  ( 12)  260. 

liber,  (12)  258  ;  (15)  154  ;  (20)  470. 

sauixigei,  (12)  260. 

thoreliii,  (12)  259  ;  (18)  399. 

Psetulione  affinU,  (17)  266  ;  (18)  403. 

crtmdata,  (17)  266. 

hyjulmanni,  (15)  136. 

PseudocalanuA  as  herring-food,  (4)  125. 
amiatus,  (15)  146;    (16)  264;    (17) 

248  ;  (20)  451. 

dowjatiM,   (4)   148 ;    (6)  237  ;    (10) 


246 ;  (15)  146,  305,  306,  &c.  ;  (16)  177, 

188.  210  ;  (20)  450,  494,  503,  &c. 
PsewiocaUgus  brevijtedv*,  (20)  291  ;  (23) 

110. 
Pseudocuma  InMriata,  (4)  165. 
ctrcaria,  (4)  165  ;  (6)263  ;  (15)  134  ; 

(16)  167,  209  ;  (19)  236  ;  (20)  491,  503, 

510,  513,  &c. 

jrttlchella,  (20)  480. 

similiM,   (19)    274;    (20)    480;    (22) 


243,258. 
Psettdocyclopia  caudata,   (12)  236;   (16) 

267  ;  (20)  451. 

a-fMfdcomiH,  (10)  246  ;  (18)  267. 

giesbrtchti,  (23)  141. 

miwor,  (10)247. 

Pneudocyclops  crwwiremiSf  (12)  237. 
obtuMlw,  (8)  317;    (20)  454;    (21) 

112. 
PAtwlocythere    caudaia,    (7)    319;     (15) 

145. 
PHeudolaophoHte  aculexxta,  (18)  393. 

ftpinoMi,  (18)393. 

PuttulameMOchra    longifurcfila,   (10)    449, 

462. 
P»euilapfuinina  typica,  (21)  112. 
pHeudojmnflhi^  efongtUus,  (20)  449,  471  ; 

(21)  130. 
PneudorfiombiUi,  (18)  354,  356. 

riiMtllii,  (18)356. 

Pfieufloftinella  frontcdis,  (4)  163. 
PHeufhtachidiw  coroncUw,  (16)  267  ;  (17) 

256;  (20)461. 
P>*e.udotanaii<  forcipafus,   (6)    251 ;    (19) 

270. 
PneudothaJeMlru  major,   (13)   170;    (19) 

250. 

jyyfjnum,  (13)  170. 

PAeudotrestwoodia  andreufi,  (12)  257. 
PhoIw*  phaiUapuA,   (15)   162;    (20)  307, 

319,  324. 

change  of  colour  in,  (4)  216. 

PMyflocamptus  Jdirfienau*,  (17)  254. 
PterinapsylluH  irmynis,    (12)    238;    (19) 

240;  (20)461. 
Pterocotylt  morrhua,  (19)  149. 

palmata,  (19)  149. 

Pten/(fOcera  areiiaria,  (10)  264. 
Ptiiocheirus  hinmtiman'Wi,  (6)  248. 


Puffin  Island  Biological  Station,  work  of, 

(7)387. 
Pnlinnulimi  auricula,  (16)  277. 
Puncfurella  noachina,  ( 15)  122. 
Purptmi  lapilius,  (7)  337  ;  (15)  118. 
PyropliacHM  hordogium,  (15)  29S,  302. 


Quinqueloculina  agglutinann,  (7)  313. 

bicomis,  (7)  313. 

feruMHocii,  (7)  313. 

secans,  (7)  313. 
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Race-variabilitt,  (18)  220. 

Races  of  herring,  (5),  295  ;  (17)  275. 

Rae,  Dr  J.,  (9)269. 

Raeffelo  on  the  eggs  of  fishes  in  relation 
to  trawling,  (7)  401. 

Raia.    See  Skate,  ray. 

iHifii.    See  Skate,  grey. 

W^nrfa,  (13)332. 

circtilaria.    See  Ray,  cuckoo. 

claixUa.    See  Ray,  thomback. 

fullonica.    See  Ray,  Fuller's. 

macrorhynchus.   See  Skate,  flapper. 

inaculuta.    See  Ray,  homelyn. 

oxyrhynchiiA,     See  Long  or  sharp- 
nosed  skate. 

radiaUi.     See  Ray,  starry. 

Ranicepii  ranimis.    See  ForkbeiEird,  lesser. 

tri/urcatw*.      See  Forkbeard,  lesser. 

Rate  of  growth  of  fishes.     See  Growth. 

of  movement  of  plaice,  (21)  42. 

Bamuluria,  (18)356. 

Rav,  cuckoo  {Baia  circularis),  (6)  277  ; 
(15)  113;  (18)  293. 

food  of,  (20)  536  ;  (21)  224. 

parasites  of,  (18)  170  ;  (19)  130. 

proportion  of    sexes    in,    (21 ) 

230. 

electric.     See  Torpedo. 

Fuller's  {Rata  fullonica),  (6)  277  ; 


(18)292. 


abnormal  specimen  of,  (4)  210. 
fo<xi  of,  (20)  535. 
parasite  of,  (18)  174. 
proportion  of  sexes  in,  (21)230. 
homelyn  (Raia  ma^tdaki),  (15)  113; 


(18)  293. 


parasites  of,  (19)  130. 


—  sandy.     See  Ray,  cuckoo. 

—  shagreen.     See  Kay,  Fuller's. 

—  spotted.     See  Ra^,  homelyn. 

—  starry  {Raia  raduita),  (6)  278. 

food  of,  (20)  487,  536. 

growth  of,  (21)231. 

parasites  of,  (20)  295,  299. 

proportion  of  sexes  in,  (21)  230. 

size  at  maturity,  (10)  238. 

—  sting    {Trygon     pastiuaca),     from 
Moray  Firth,  (22)  283. 

-  parasites  of,  (22)  275,  276, 278, 


279. 


thornback  {Raia  claixUa),  (15)  113  ; 


(18)  293. 


food  of,  (20)  487, 635. 
migrations  of,  (11)  191. 
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Ray,  thornbaok,   parasites  of,  (18)  156, 

171  ;(19)  130,  150;  (20)299. 
proportion   of    sexes   in,    (21 ) 

230 ;  (22)  28. 

'*  purses  "  of,  (4)  212. 

size  at  maturity,  (10)  238. 


Rays,  relative  number  of  sexes  among, 

(21)236. 

size  of  males  and  females,  (21 )  230. 

Roaring  fish  larvaa,  methods  of,  (15)  177. 
of  larval  and  post-larval  stages  of 

the  plaice,  (15)  175. 

of  young   food-fishes,   experiments 


in,  (13)333. 
Red   band  fish   {Cepola  rubescens)^   (18) 

280. 
♦*  Red  cod,"  nature  of,  (6)  10,  204,  207. 

organisms  present  in,  (6)  204,  207. 

Red  and  pale  muscles  in  fish,  (4)  166. 
Regulation  ot  fisheries,  (11)  13  ;  (18)  140. 
Reibisch,.Dr  J.,  (23)  125. 
Relation  of  size  of  mesh  to  the  size  of  fish 

capturetl,  (12)306. 
Relative  quantity  of  fish  taken  by  line 

and  by  trawl,  (6)  47  ;  (7)  20  ;  (12)  28. 
proportion  of  small  fish  captured  by 

the  "  GarUnd,"  (6)  36. 
Bemigulwf  tridens,  (19)  251. 
Reophax  (UJlitgtformis,  (16)  275. 

findena,  (8)  314. 

fmiformis,  (8)  314  ;  (16)  275. 

moniliformey  (16)  275. 

noduloMy  (8)  314. 

8corpiuru8f  (15)  166. 

scottii,  (16)  275. 

Report  on  the  apparatus  required  for 

carrying  on   physical  observations  in 

connection  with  the  fisheries,  (6)  309. 
from   the   Fishery   Board's  marine 

station  at  St.  Andrews,  (6)  265,  &c. 
on    the    biological     investigations 

carried  out  on  boani  H.M.S.  "  Jackal," 

(6)  215. 
on  physical  and  chemical  examina- 
tion of  the  water  in  the  Moray  Firth, 

(6)  313. 
on    physical    observations    bearing 

on   the  circulation   of    the    water  in 

Loch  Fvne,  (5)  262. 

on  physical  observations  on  the  sea 


to  the  west  of  Lewis,  (6)  349. 
Reproduction  in  diatoms,  (15)  217. 

of  fishes,  (10)  18. 

of  the  eel,  (13)  14,  192. 

Reproductive  organs  of  fishes,  weight  of, 

(10)241. 
**  Research,"   H.M.S.,   animal  plankton 

collected  by,  (15)  305. 
physical     observations     made    on 

board  of,  (15)  280. 

report  on  phyto-plankton  collected 


by,  (15)  297. 
Respiration  of  tcleostean  embryo,  (16) 

213. 
Retina  of  teleosteans,   embryology   of, 

(6)  280. 
Review  of  the  trawling  experiments  of 

the  **  Garland"  in  the  Firth  of  Forth 

and  St.   Andrews  Bay  in  the  years 

1886-95,  (14)  128. 


RhamphUtoma,    See  Garfish. 
Rhina  aqvuilina.    See  Angel-fish. 
RhiitcalaHus  gigas,    (19)  236,  237;    (20) 

450. 
Rhizo8olenia  cUata,  (15)  298,  300. 

pungem^  (15)  214. 

semispina,  (15)  300. 

setigera^  (15)  214. 

ahrubsolii,  (15)  214. 

stolterfothii,  (15)  214,  301. 

BtyliformiB,  (16)  298,  301. 

Rhizothrix  curvcUa,  (8)  319;  (21)  123. 
Rhoda  raschii,  (20)  480. 
Rhodine  lov^ni,  (15)  158. 
Rhombinaa,  (18)  352,  357,  358. 
Rhomboidichthys,  (18)  360. 

mancusy  (18)  357. 

Rhontboaoleay  (18)  360. 
Rhombus  latins.     See  BriU. 

nuvoticuft^  (18)  357. 

maximus.     See  Turbot. 

norvegicua.      See  Topknot,  Norway. 

Rhynchomyzon  purpurocinctuniy  (17)  262; 

(18)400;  (20)472. 
Richard,  M.,  (13)  16. 
Rigor  mortis  in  fish  and  its  relation  to 

putrefaction,  (6)  282. 
Rumoa  parva,  (15)  119. 

violaceaj  (15)  119. 

River-watdr,  micro-organisms  in,  (3)  73  ; 

(4)  176  ;  (5)  331. 
Robb,  Mr  James,  (20)  136. 
Robertson,  Mr  John,  (9)  177. 
RdbertHoni  tenuis,  (6)  239  ;  (17)  254 ;  (20) 

503,  617,  523. 
Roch6,   Dr,   chief  inspector  of    French 

fisheries,  (13)  10,  16,  345. 
Rockling,   five-bearded  (Motella  (Oruk*) 

mustela),  (4)  233;   (8)  357;   (15)111; 

(18)  284. 

fecundity  of,  (9)  269. 

food  of,  (20)  519. 

growth  of,  (16)  208. 

post-larval  and  young,  stages 

of,  (15)  206. 

reproduction  of,  (3)  66. 

spawning  period  of,  (4)  249. 


—  four-bearded   {Motella   {(huis)   dm- 
bria),  (4)  222  ;  (8)  357  :  (18)  284. 

eggs  of,  (16)  91,  115. 

fecundity  of,  (9)  258. 

food  of,  (21)  222. 

larval  stages  of,  (8)  363. 

parasites  of,  (19)  122;  (20)  289. 


—  three-bearded        {Motella      {Onos) 
Incirrata),  (4)  224 ;  (8)  357  ;  (18)  284. 

_ food  of,  (8)  255. 

-  parasites  of,  (20)  289, 291 ;  (23) 


110. 


spotted  {Ones  mactUcUus),  (18)  284. 

Rocklings,  eggs  of,  (7)  306  ;  (8)284;  (14) 
223 

in  Firth  of  Qyde,  (15)  250. 

larval,  (8)  284. 

post-larval  forms  of,  (7)  308. 

spawning  period  of,  (17)  99. 

Ropena  tesseaata,  (15)  214. 
Rosie,  Mr  D.,  (9)  177. 
Rossia  macrosomay  (15)  116. 
otveni,  (16)  116. 


of  the  Fishery  Board  for  Scotland, 
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RotfUia  heccarii,  (15)  167  ;  (20)  497,  603, 
510. 

nifida,  (8)  316  ;  (15)  167. 

Rotalina  inflata,  (8)  315. 

ochi-aceay  (8)  316. 

Rothesay  Aquarium,  (6)  16,  20. 

Rough    houud.        Ste    Dog-fish,    lesser 
spotted. 

Roumania  as    a    market    for    Scottish- 
cured  herrings,  (7)  164, 

Round  fishes,  fluctuations  in  abundance 
of,  (14)  137,  140. 

growth  of,  compared  with  flat  fishes, 

(20)  334. 

mature  and  immature,  (8)  173. 

numbers  and  sexes  of,  (8)  350. 

spawning  of,  (8)  265. 


Royal  Commission  on  Trawling,  (14)  128. 

of  Fisheries  in  Italy,  (6)  14. 

Ruff  (Acerina  vuhjaris) ,  spawning  period 

of,  (4)  244. 
Buncina  coronatttt  (16)  116. 
Russia  as  a  market  for  Scottish -cured 

herrings,  (7)  167. 

fisheries  of,  (7)  408  ;  (12)404. 

fishery  work  in,  (12)  404. 

Ryder,  Professor  J.  A.,  (6)  302,  330. 


S 


fSSo/W/a  7>aroma,  (15)  158. 

penicUlus,  (15)  158. 

Sabellaria  alvtolata,  (20)  312. 
Sahd/iphilus  aarsi,  (12)  258. 
Saccamina  ttpfuffra,  (19)  236,  257. 
SacctUina  carcini,  (6)  236;  (15)  156. 

triangiUm-iify    (6)  236. 

Sagitta  as  herring-f<x)d,  (4)  126. 

distribution  of,  in  Firth  of  Forth, 

(16)  190. 

Kirasites  of,  (14)  165. 
punctata,  (15)  160,  306,  307,  309, 


311;    (16)    190,    196,   207    210;    (20), 

613,  516. 
Sagrina  dimorjthay  (16)  275. 
Sail-fluke.     Set  Megrim. 
St.    Andrews    Bay,     bye-law     closing, 

against  Ijcam-trawling,  (5)  44. 
larval  fishes  of,  (8)  286,  287  ;  (11) 

263  ;  (12)  299,  301  ;  (13)  260,  261, 264  ; 

(14)225. 

migratory  movements  of  gurnards 


in,  (17)215. 

—  pelagic  and  other  fauna  of,  (6)  274. 

—  pelagic  eggs  of  fishes  in,  (8)  286, 
288;  (9)  340;  (11)263;  (12)298,299, 
m\  ;  (13)  260,  261,  264  ;  (14)  225. 

fauna  of,  (16)  66. 


physical   oljscrvations  in,  in   1896, 

(16)90. 

conditions  of,  (6)  64. 

pofitlarval  fishes  of,  (8)  286,  287  ; 

(11)263;  (12)299,  301  ;  (13)  260,  261, 

264;  (14)  226. 
trawling     experiments     in.       Set 

"Garbind.^' 

stations  in,  (5)  65. 

young  fishes  of,  (8)  286,  287 ;  (11) 

263  ;  (12)  299, 301 ;  (13)  260,  261,  264 ; 

(14)225. 


St.    Andrews,   Fishery  Board's  Marine 

Laboratory  at,  report  from  (4)  201 ;  (6) 

354  ;  (6)  265,  279;  (8)  8  ;  (9)  6  ;  (10)  7  ; 

(11)  8,  18. 
Saithe.     Set  Coal-fish. 
Saieimh/a  luhtromi,   (20)  449,  474;   (22) 

225. 
Salinity,  effect  of,  on  fish  eggs,  (5)  241. 
in  relation  to  size  of  herring,  (17) 

286. 

influence  of,  on  variability,  (18)  239. 

observations     in     Faeroe-Shetland 

Channel,  (15)282. 

of  Firth  of  Forth,  (5)  350. 

Salmofario.    Set  Trout,  common. 

fantinalw,   spawning  period  of,  (4) 

252. 

Itvtiiensis.     Ste  Loch  Leven  trout. 

milar.     Set  Salmon. 

trutta.     Set  Sea-trout. 

Salmon  {Saimo  aalar),  (18)  287. 

composition  of  flesh  of,  (5)  222,  228, 

229. 

digestibility  of,  (5)  228. 

disease,  (4)  178. 

fecundity  of,  (9)  267. 

food  of,  (12)292. 

parasites  of,  (18)  162,  172. 

Salmon,  seasonal  changes  in  viscera  of, 

(12)29L 

spawning  period  of,  (4)  262. 

of  Rhine,  spawning  of,  (6)  307. 

Salmon-trout.     Stt  Sea-trout. 

Salpa  vulgaris,  (15)  307,  310,  311. 

Samaria,  (18)  361. 

Sand-eel  embedded  in  liver  of  haddock, 

(3)  70. 
greater    {AmmodyttH    laiictolatvs), 

(4)233;  (15)  112. 

eggs  of,  (9)  332. 


fecundity  of,  (9)  269. 

food  of,  (20)  487,  62a 

mature  and  immature,  (8)  177. 

spawning  period  of,  (4)  249. 

lesser    (Ammodytes   tobiantui),    de- 
velopment of  brain  in,  (13)  276. 

eggs  of,  (12)  313. 

fecundity  of,  (9)  269. 

growth  of,  (12)  313. 

Urvffi  of,  (12)  315. 


ovipoeition  of,  ( 12)  313. 

reproduction  of,  (3)  66. 

sexual  proportions  of,  ( 10)  239. 

: —  spawning  period  of,  (4)  249. 

Sand-eels  as  food  for  herring,  (4)  127. 

egg  and  early  stages  ot,  (9)  331. 

post-larval  forms,  (7)  309. 

young  of,  (3)  66. 

Sandoman,   Mr  George,   (11)   391,   392, 

393,  894  ;  (12)  21,  291. 
Sanderson,  Professor  Burdon,  (6)  279. 
Sand-fluke.     Stt  Megrim. 
Sand-smelt.     Set  Smelt,  sand-. 
Sandv  ray.     See  Ray,  cuckoo. 
Sapphirine    gurnard.         Ste    Gurnard, 

sapphirine. 
SaproUgnia  of  salmon  disease  and  allied 

forms,  (7)  12,  368. 
Sarcina  litamlU,  (6)  204. 
ventriculi,  (6)  204. 
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Sarcodictyon  catencUa^  (15)  163. 
Sardine.    See  al^o  Pilchard. 

age  of,  (8)  374. 

development  of  reproductive  organs 

of,  (8)  373. 
eggs  of,  (8)  373  ;  (9)  418,  420  ;  (10) 

161. 

fecundity  of,  (9)  418. 

fishery  in  Gulf  of   Marseilles,  (9) 

419. 

food  of,  (7)  390  ;  (8)  372. 

growth  of,  (8)  374. 

movements  of,  (10)  161. 

researches  on,  (9)  418,  420. 

Spanish,  report  on,  (10)  160. 

spawning  ot,  (8)  372. 

trade  of,  inGalicia,  (8)  371. 

Sars,  Professor  G.  O.,  (6)  15  ;  (19)  92. 

on  development  oJF  cod,  (3)  53. 

discovery  of  the  floating  eggs  of  the 

wxlby,  (16)88. 
Sardelfa  capmla^  (20)  475. 
Saury  pike.     See  Pike,  saury. 
Sauvage,  Dr  H.   E.,  (7)  384,   390;    (9) 

177;  (13)16. 
ScucicaiKi  rxigosa,  (6)  231  ;  (15)  128;  (20) 

496. 
Saxicaiydla  pUccUa^  (15)  128. 
Scad.     See  Horse-mackerel. 
Sofurgus  cirrhom,,  (16)  114. 
Scalaria,  (20)  510. 
Scaldback.     See  Scald-fish. 
Scald-fish      {Amoglossus      {PlcUophiys) 

IcUerna),  (17)  94  ;  (18)  286,  367. 

eggs  of,  (17)  83,  84,  94,  96,  106. 

food  of,  (20)  487,  624. 

in  Scottish  waters,  (21)  511. 

Scales  of  fishes,  lines  of  growth  in,  (23) 

125. 
Scallop.    See  Clam. 
Scaphander  lignarius J  (15)  115. 
Scapholeheris  comutay  (9)  275,  290. 
m^icr<ynata,  (9)  277,  290,  296;  (13) 

250 ;  (14)  239,  242  ;  (15)  321  ;  (17)  141, 

160,  184,191. 
Schisfocephalus  aoUdwt^  (9)  273. 
Schistomysis  arenosa,  (15)  134. 
oma/?«r,  (15)  134 ;  (16)  158, 209 ;  (17) 

268  ;  (20)  491,  516,  522,  536. 

spiritiis,  (16)  158,  163,209  ;  (20)  491, 


493,  516,  519,  523. 
Schizopoda  as  herring-food,  (4)  123. 

of  Firth  of  Forth,  (16)  158. 

distribution  of,  (16)  164. 


of  Loch  Fyne,  (16)  262. 


Schizoporefla  unicomiay  (15)  156. 

SchizothwniH  nuttcUli,  (7)  341. 

SderochUun  coiUortics^  (6)  245  ;  (16)  146. 

Scolecithrix  ahynmlis,  (15)  310,  311,  313. 

breviconitSy  (20)  449,  452. 

h%f>emica,  (15)  146;  (17)  248;  (19) 

238;  (20)451. 

pygnuva,  (17)  249. 

Scomber  acomher.    See  Mackerel. 

Scombresox  »auru8.     See  Pike,  saury. 

Scopelocheirus  crenatuSj  (7)  319. 

Scopthalmtts  rwrvegicus.  See  Topknot, 
ISorw'ay. 

vntmactUatua.  See  Topknot,  one- 
spotted. 


Scorpion,  sea-  {CoUus  acorpius),  (4)  212, 

232;  (15)109. 

eggs  of,  (3)  59  ;  (4)  206. 

eggs  and  young  of,  (14)  181. 

fecundity  of,  (9)  248. 

feeding  on  sprats,  (4)  206. 

food  of,  (20)  486,  489. 

rate  of  growth  of,  (12)  333. 

parasites  of,  (19)  138,  139. 

post-larval  forms  of,  (7)  309. 

spawning  period  of,  (4)  244 ;  (7)  197. 

volume  of  eggs  of,  (16)  141. 

Scotland,  direction  of  currents  on  east 

coast  of,  (15)346. 
Scott,   Mr  Andrew,  (9)  269,   281  ;    (10) 

244;  (11)197;  (12)231;  (13)  165,  &c. 
Dr  Thomas,  (4)  231 ;  (6)  225,  232 ; 

(7)  11,  171,  183,  222;  (8)  14,  16,  23, 

230,  Ac 
Scottia  hroumiam,  (9)  281,  282. 
Scottish  Fishery  Acts,  (10)  172. 

lobster  fishery,  the,  (6)  9,  189. 

mackerel  fishing,  (12)  16. 

ScoUocheres  elongatunt  (16)  278. 
Sc^iomyzan  gibberum,  (15)  165. 
Scrobicnlaria  piperala,  (7)  328. 

prinmaUca^  (20)  510. 

Scuteilidium  /ascicUumf    (4)    154 


258;  (15)153. 

tuboides,  (10)  268  ;  (18)  396. 


(10) 


Scylfium  canictUa.    See  Dog-fish,  lesser 

spotted. 
catulua.        See     Dog-fish,      larger 

spotted. 
Sea-birds,  destruction  of  fish  by,  (8)  20. 
Sea  Fisheries  Committee  of  Lancashire, 

(14)  8. 

Parliamentary  (Ik>mmittee  on,  (12) 


384. 


(Scotland)    Amendment    Act,    (5) 

43. 
Sea- fowl  swallowed  by  cod,  (4)  134. 
Sea-horse    (Hippocampus    anHqumum), 

(18)289. 
Sea-lamprey       {Pefromyzon      martntcji), 

spawning  period  of,  (4)  254. 
"Sea-mouse"  {Aphrodite),  (6)  231. 
Sea-ponds  at  Dunbar,  (10)  10. 
Sea-Scorpion.     See  Scorpion,  sea-. 
Sea-snail,  common,  or  ^oker  {Cyciogaster 

HparU),  (4)  232  ;  (16)  110;  (18)  279. 

change  of  colour  in,  (3)  69. 

Sea-trout.     Set  Trout,  sea-. 

Sea-water,  methods  for  determining  the 

specific  gravity  of,  (4)  192. 
Sea,  west  of  Lewis,  physical  observations 

in,  (6)  349. 
Seals,  damage  to  fisheries  by,  in  Den- 
mark, (9)  412. 
Seasonal  changes  in  fishes,  (12)  291. 
Seha^t€8  marinua.    See  Haddock,  Norway. 

norvegicna.     See  Haddock,  Norway. 

Seine-net,  action  of,  in  herring  fishery, 

(18)  242. 
in  herring  fishery,  introduction  of, 

(18)242. 

fishing  for  hernngs,  suppression  of, 


(18)  243. 

—  fishing  for  herrings  at  Ballantrae, 
(11)  16;  (12)18;  (13)13;  (14)14. 


of  iht  Pishe^^y  Board  for  Scotland. 
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Seines,  destruction  of  immature  fish  by, 

(8)  190. 
Selache  maxima.    See  Shark,  l>a8king. 
SelioideA  bolbroei,  (20)  481. 
Semele  decisa,  (7)  341. 
Sense-orsans  of  fishes,  (8)  362. 
Senses  of  lobster,  (23)  97. 
Sepia  officinalin  as  bait,  (7)  352. 
Sepiola  rondeletii,  (15)  115. 
Sergevtes  atlanticu»,  (15)  310,  311. 
Serpula  bicornis  ventricomy  (7)  313. 

cotUortupluMtay  (15)  157. 

triquetra,  (15)  L57. 

i'ermiculariSf  (15)  157. 

Serranw  cabrilla,  (2)  79  ;  (4)  222. 

; —  spawning  period  of,  (4)  244. 

gigdfft  spawning  of,  (4)  244. 

hepatus,  embryo  of,  (16)  214. 


SeHufare/fa/vM/ormiM,  (15)  164. 

rttgosa^  (15)  164. 

Sertularia  (ibietina,  (15)  164. 

argeni^a,  (15)  164. 

JUlcvia,  (15)  164. 

pumila,  (15)  164. 

Servia  as  a  market  for  Scottish-cured 

herrings,  (7)  163. 
S^ve,  M.,  (9)  416. 
Sex,  relative  numbers  of  malesand  females 

among  skates  nd  rays,  (21)  229. 
Sexes,  num1x)rs  and  size  of,  among  sea- 
fishes,  (8)  348. 
of  plaice,    maximum    size    of,  (20) 

357. 
Sexes,  proportional  number  of,  in  edible 

crab,  (18)99. 
proportion  of,   among  plaice,    (20) 

357. 
Sexual  characters  in  crab,  (18)  99, 
characters,    external,    of    Carcinus 

mamafi,  (21)  160. 

colouration  in  fishes,  (10)  242. 

differences  among  mackerel,  ques- 


tion of ,  (18)  312, 

—  proportions  in  witch,  (22)  195. 
relations  of  sea-fishes,  (10)  18,  239. 


Sox-variability,  (18)  207. 

Shad,  artificial  propagation  of,  (3)  82. 

allis  (Cluj}ea  afom),  (18)  288. 

fo(xl  of,  487,  (20)  533. 

parasites  of,  (19)  145. 

twaite  (Clujyea  fiiita)^  occurrence  of, 

on  East  Coast,  (20)  540. 

food  of,  (20)  487,  633. 

parasites  of,  (18)  176 ;  (19)  145. 

skeleton  of,  (5)  287. 

spawning  period  of,  (4)  253. 


Shagreen  ray.     See  Kay,  Fuller's. 
Shanny  {Bltnnim  phJu),  (4)  208;   (18) 

279. 
Shark,   basking  {Selache  maxima),   (18) 

291. 

blue  {CarchariaA  glaucuf)  (18)  290. 

Greenland       {Lffmargaft      microce- 

pha^w*),  (2)  80 ;  (4)  227,  228  ;  (21)  80. 

caught  in  trawl,  (4)  227. 

crania]  nerves  of,  (7)  384. 

dissection  of,  (4)  228. 

food  of,  (4)  228. 

parasites  of,  (4)  228. 

skull  of,  (7)  385. 


Shark,  porbeagle  {Lamna  comubica),  (19) 

290. 
fo»xl  of,  (4)  210  ;  (19)  290 ;  (20) 

487,  537. 


•263. 


intra-uterine  specimen  of,  (6) 

parasites  of,  (18)  156,  171 ;  (19) 
125,  132;  (20)292;  (23)112. 
—  thresher  (^/opicw  trulpes),  (18)  290. 

parasites  from,  (19)  125. 


Shell-fishes  used  as  bait,  (4)  217. 
Shetland  Isles,  fauna  of  lochs  of,   (13) 

174. 

fisheries  of,  (10)  202. 

fishing  grounds  off,  (9)  182. 

post-larval  fishes  at,  (14)  227. 

Shaw-Lefovre,  Mr,  (10)  173. 
Shore-crab.     See  Carcinus  miftias, 
Short-spined  cottus.     See  Sea  scorpion. 
Shrimp,  common  {Cfrangoii  vulgattH),  (6) 

259  ;  (15)  131 ;  (20)  491,  492,  507,  511, 

519,  528,  535,  536. 
association  of,   with  young  plaice, 

(17)  235. 

description  of  larval  stages  of,  (19) 


94. 

—  development  of  appendages  in  larvee 
of,  (19)  96. 

—  ear  of,  (19)  97. 

—  eggs  of,  (19)93. 
feeding    on    larval     herrings    and 


smelts,  (9)  406. 

—  fisheries,  trap  used  in  France  in,  (7) 
394. 

—  fishing,  (8)  185. 
capture     of 


immature     fish 


by,  (9)  206. 

in  Solway,  (7)  175. 

food  of,  (9)406. 

larval  stages  of,  (19)  92. 

life-history  of,  (9)  406. 

mode  of  attachment  of  eggs  in,  (22) 

118. 


morphological  significance  of  origin 

of  gills  in,  (19)114. 

moulting  of  larva)  of,  (19)  94. 

movements  of  larva)  of,  (19)  93. 

net,  description  of,  (8)  164. 

origin  of  mils  of,  (19)  113,  114. 

rearing  oflarvte  of,  (19)  93. 

spawning  period  of,   (6)  299 ;    (9) 

406. 

trap,   description    of    French,    (9) 

209. 

trawling  in  France,  (9)  210. 

trawling    in     Thames,     immature 

fishes  caught  by,  (4)  205. 

trawl-net,  (7)  16,  29. 

zoeaof,  (19)  114. 

Shrimping  and  the  destruction  df  imma- 
ture fish,  (8)  185,  194. 

Sida  hrachyura,  (9)  389. 

cryHtallina,   (9)  275,  277,  289;  (12) 

286  ;  (13)  245,  250  ;  (14)  168  ;  (15)  318, 
321  ;  (16)  252 ;  (17)  138,  144,  184,  ftc. 

SigmoUina  tenuis,  (16)  274. 

Significance  of  the  yolk  in  the  eggs  of 
osseous  fishes,  (6)  2^. 

SiUcoflagellates,  (15)  302. 

Silvery  pout.    See  Pout,  silvery. 
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Sim,  Mr  Geo.,  (4)  102,210. 
Simoctphalus  vtlulus,  (9)  277,  282,  283, 

290;  (13)245,250;  (15)321  ;  (16)252; 

(17)  138,  140,  ftc. 
Simpson,  Capt.  R.  E.,  (9)3,  21,  184,  269  ; 

(10)  7,  23,  244. 
Sinclair  Bay,  trawling  investigations  in, 

(20)94. 
Sipfu)  gracilis^  (15)  118. 
SiphonodtrUalium  lofotmse,  (15)  123  ;  (19) 

236. 
Siphanostoma  tj/phle,  /See  Pipe-fish,  broad- 

Siphoncicetes  coUetti,  (8)  328;  (19)  266; 

(20)511. 

crassicomiSf  (11)  215. 

tvpuMS,  (8)  328. 

Sira-plankton,  characters  of,  (15)  302. 
Siridla  armata,  (4)  162;   (7)  323;  (15) 

134 ;  (16)  158,  160,  209;  (18)  404  ;  (19) 

277  ;  (20)  480  ;  (22)  257. 

brookiy  (4)  162;  (15)  134. 

clausii,  (4)  160 ;  (15)  134  ;  (18)  404. 

crassipes,  (4)  161  ;  (6)  254,  256. 

jaltenaesy  (16)  158,  160,  209. 

norvegtca,   (4)   161 ;    (7)  327  ;    (15) 

167  ;  (17)  268. 
Sixenis,  boats,  (10)  204. 
Size  of  mature  and  immature  fish,  (8)  163. 
Skate,  blue.     See  Skate,  grey. 

digestion  in,  (2)  40. 

flapper  {Raia  macrorhynchuif)^  (15) 

168 ;  (18)  292. 
grey  or  common,  {JRaia  batis)^  (9) 

306,  310  ;  (18)  292. 

cranial  nerves  of,  (7)  384. 


development  of,  (8)  15,  300. 

**  electric  "  organs  in,  (6)  277. 

food  of,  (20)  487,  535. 

migrations  of,  (11)  191. 

parasites  of,  (18)  156,  164,  170, 


171,  180;  (19)130,  151. 

-  proportion  of  sexes    in,    (21 ) 


230. 


size  at  maturity,  (10)  238. 


long  or  sharp-nosed  {Rata  oxyrhy- 

ncAti«)  (18)292. 
Skate-leech,  (19)  141. 
Skates,  breeding  and  spawning  periods 

of,  (8)  301. 

**  electric**  organs  of,  (6)  277. 

feeding  on  herrings,  (4)  103. 

food  o1,  (7)  231,  234,  236,  237,  239, 

251 ;  (8)  231,  244,  249,  250,  251,  253, 

255,  256 ;    (9)  232,  235-237,  239-241  ; 

(10)  228,  231. 

mature  and  immature,  (8)  172. 


parasites  of,  (19)  141. 

relative  number  of  sexes  in,  (21)  229. 

Skates  and  Ra}^,  distribution  of  adult 

and  immature,  (8)  172. 
proportion  of  males  to  females, 

(8)  349. 
Skeletal    structures   of   fishes,   lines  of 

growth  in,  (23)  125. 
Skeletonema  costatum,  (15)  213,  214. 
Skenea  planorbiSy  (15)  119. 
Skulpin.    See  Dragonet,  gemmeovs. 
Small-meshed    net    around     trawl-net, 

description  of,  (19)  60. 


Smelt  or  sparling  (Osmenu  eperlanua)^ 

(18)  287. 

attacked  by  squids,  (3)  68. 

eggs  of,  (16)91. 

fecundity  of,  (9)  267. 

greater    silver    {Argentina    eilus), 

occurrence  of,  in  North  Sea,  (19)  286  ; 

(20)540;  (21)27. 

spawning  period  of,  (4)  252. 

food  of,  (21)  224. 

Hebridean.   See  Smelt,  lesser  silver. 

lesser  silver  {Argentina  ftphynima), 

(18)  287  ;  (19)  285. 

eggs  of,  (19)  286. 

food  of,  (20)  487,  528  ;  (21)  223. 

spawning  period  of,  (19)  286u 

BAnd- {Atherina  ]3resbyter)j  (4)  232; 


(15)  110;  (18)280. 

food  of,  (20)  486,  504. 

spawning  period  of,  (4)  245. 

Smith,  Mr  Anderson,  (7)  384,  385,  392  ; 

(8)  17,  360 ;  (9)  13,  16,  187,  268,  269, 

297,  &c. 
Dr  W.    Ramsay,    (7)  9,   222 ;    (8) 

12,  23,  230  ;  (9)  12,  21,  177,  222,  352  ; 

(10)  18,  23,  &c. 

Prof.  Sidney  J.,  (6)302. 


Smith  Bank,  (11)9. 

spawning  plaice  on,  (8)  259. 

trawling    investigations    at. 


See 


Trawling  investigations. 
Stnittia  reticulata,  (15)  156. 
Smooth  dab.     See  Dab,  lemon. 
Socames  vahli,  (14)  158. 
Soft  lobster,  characters  of,  (23)  94. 
Solaster  endeca,  (15)  161 ;    (20)  310,  319, 

324. 
ipapposus,  (7)  347;   (15)   161;  (20) 

310,  319,  324. 
Sole,  common  or  black  {Solea  vulgaris), 

(48)286. 

Cunningham  on,  (9)  390. 

on  east  coast  of  Scotland,  (21) 

32  54  229. 
* — ^distribution  of,  (15)  112;  (18) 

359  •  (21 )  64. 

eggs  of,  (7)  304  ;  (16)  91, 114,  116. 

in  Clyde,  (15)  250. 

fecundity  of,  (9)  266. 

food  of,  (7)  236  ;  (9)  390  ;  (20)  528. 

growth  of,  (9)  391. 

hatching  of,  (12)  11. 

natural  nistory  of,  (9)  390. 

parasites  of,  (18)  146,  165  ;  (19)  121, 

139,  142 ;  (23)  108. 

pathological  conditions  of,  (12)  294. 

rearing  of,  in  ponds,  (9)  391. 

spawning  grounds  of,  in  Irish  Sea, 


(13)  334. 

period  of,   (4)  251;    (7)   190, 

385  ;  (8)  265  ;  (9)  390. 

period   of,   at  Marseilles,   (8) 

372. 

—  lemon.     See  Dab,  lemon. 

little,  or  solenette  {Solea  lutea),  (18) 


287. 

distribution  of,  (21)  53. 


specific  gravity  of  eggs  of,  (7)  386w 

eggs  of,  (14)  25^;  (16)  91,  114, 

115;  (17)  W2,  83,  93,  96. 
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Sole,  common  or  black,  egg  resembling 

that  of,  (10)  295. 

food  of,  (8)  455. 

mature  and  immature,  (8)  17*2. 

minimum  size  at  maturity,  (8) 

161,  162,  163. 
proportion  of  males  to  females, 

(8)348. 

—  relation  of  length  to  weight, 


(22)  144,  216. 

sexual  proportions  of,  (10)  239. 

size  of,  at  maturity,  (8)  172  ; 

(10)  238. 

spawning  period  of,  (7)  191  ;    (17) 


99. 

witch.     See  Witch. 

Soleaimpar,  (18)359. 

kleinii,  (18)359. 

lascarin,  (18)  359. 

lutea.    See  Sole,  little. 

ocellcUa,  (18)359. 

variegata.     See  Thickback. 

vulgaris.     See  Sole,  common. 

Soleataljxi,  (18)359. 

unicolor^  (18)  358. 

Soleidse,  (18)  258,  351,  358. 

Soleinte,  (18)  351,  352,  359. 

Solei-plounmectina),  (18)352,  360. 

Solen,  (20)  496-497,  510. 

ends,  (15)  127. 

pdlncidiui,  (15)  127. 

siliqtuiy  (15)  127. 

as  bait,  (7)  352. 

Solenette.     See  Sole,  little. 

Solway,  fisheries  of,  (4)  255 ;  (7)  175. 

shrimp  fishing,  (7)  175  ;  (8)  185. 

Sophrom/ne  rohertsaiii^  (15)  137. 

Spain,  administration  of  fisheries  in,  (7) 
396. 

fisheries  of,  (12)  403 ;  (13)  347. 

fishery  work  in,   (7)  396;   (8)  368; 

(9)  421  ;  (10)  350  ;  (12)  403  ;  (13)  348. 

imports  of  fish  into,  (9)  422. 

oyster-culture  in,  (7)  397. 

salting    and    preserving    establish- 
ments in,  (8)  369. 

sardine  fishery  of,  (7)  399. 

submarine  light  in  fishing,  (7)  399. 

trawling  in,  (8)  370. 

whales  on  coast  of,  (8)  370. 


f       \        w 

Spain  and  Portugal  as  markets  foi  Scot- 
tish-cured herrings,  (7)  163. 

Spanish  sardines,  report  on,  (10)  14,  160. 

Sparling.     See  Smelt. 

Spatangidium  raJfsianum,  (15)  297. 

SpcUujiffiM  purpureuSf  (15)  162;  (20)  317, 
319,  324. 

Spawn-collector,  floating,  (12)207. 

Spawners  at  hatchery,   difficulty  with, 
(14)  152. 

Spawning  areas  ofibhore,  (14)  15. 

areas,  relation  of  currents  to,  (13) 

13;  (15)374. 

of  cod  in  autumn  in  North  Sea,  (23) 

253. 

of  cod,  &c.,  in  Dornoch  Firth,  (23) 


Spawning  of  flat  fishes,  (14)  147. 

oflfehore,  (10)  236. 

of    grey      gurnard,      relation      of 

migrations  to,  (17)  222. 

of  lobster,  (6)  299;  (18)  86 ;  (22)  117  ; 


20. 


of  edible  crab,  (18)  85,  88. 

of  fishes,  males  ripe  before  and  after 


(23)  100. 

—  of  mackerel,  (18)  327. 

—  of  pike,  (5)  347. 

—  of  plaice  at  Hatchery,  (23)  120. 

—  of  plaice,  relation  of  temperature 
to,  (20)  344. 

—  of  salmon  in  Rhine,  (6)  307. 

—  of  shore-crab,  (22)  118,  120. 

—  of  sprat,  (21)67. 
period    in    Loch    Fyne   compared 


with  East  Coast,  (17)  96. 

of  anchovy,  (4)  252 ;  (6)  306. 

of  angler,   (7)   197;   (8)  269; 


(21)  189. 


(21)  74. 


98. 


females,  (8)  257. 


of  Aphia  pelhtcukit  (4)  245. 
of  armed  bullhead,   (7)    197; 

of  AaterioA  rubens,  (4)  216. 
of  ballan-wrasse,  (4)  246. 
of  bass,  (4)  244. 
of  bib,  (4)  247;  (8)  268;   (17) 

of  boar-fish,  (4)  245. 
of  brill,  (4)  250 ;  (7)  192 ;  (8) 

265  ;  (10)  232,  234  ;  (15)  243,  370 ;  (17) 
98. 

of  burbot,  (4)  249. 

of  Canthanut  lineatus,  (4)  244. 

of  Carcimts  numas,  )21)  138, 

174. 

of  carp,  (4)  252. 

of  cat-fish,  (4)  245  ;  (7)  197 ;  (8) 

269;  (21)64. 
of  coal-fish,  (4)  247 ;  (7)  195 ; 

(8)268;  (10)233;  (15)  243,  370;   (17) 

97. 
' of  cod,  (4)  246  ;   (7)  195 ;   (8) 

266  ;  (10)  233,  234  ;  (15)  222,  370 ;  (17) 
97  ;  (19)  227  ;  (23)  20,  252. 

Spawning    period  of    common  dab,   (4) 

251  ;  (7)  189;  (8)  262;  (10)  234;  (15) 

238,  370 ;  (17)  98  ;  (20)  360 ;  (21)  45. 

of  common  eel,  (4)  253. 

of  conger-eel,  (4)  253  ;  (9)  392. 

of  Couch's  whiting,  (4)  247. 

of  Cribrella  oaUata,  (4)  216. 

of  Dent  ex  xndgaris^  (4)  244. 

of  five-bearded    rockling,    (4) 

249. 
of  flounder,  (4)  251 ;    (7)  195 ; 

(8)263;  (10)234;    (15)  232,  370;  (17) 

88. 

of  garfish,  (4)  252. 

of   gemmeous    dragonet,    (7) 

197;  (8)269;  (17)99. 
of    Ochius    mithenaparri,    (4) 

245. 

of  grayling,  (4)  252. 

of  Kreater  weever,  (4)  244. 

of  grey  gurnard,  (4)  244 ;  (7) 

196;  (8)268;  (10)234;  (15)  370;  (17) 

222. 

—  ' of  haddock,  (4)  246 ;  (7)  195 ; 

(8)265;  (10)232,  234;  (15)  370;   (17) 

97;  (19)211. 


Pari  ni. — Twerity-tAird  AnrnuU  Report 


Spawning  period  of  hagfiah,  (S)  26B. 

of  hako,  (4)  248  ;  (7)  IBS. 

of  halibut,  (4)  249  ;   (7}   192  ; 


(18)21 


-of  herring,  (4)50,51,1 


-  of  herring  in  Channel,  (6)  299. 

of  horse-mackerel,  (4)  243. 

of  John  Dory,  (4)  245. 

of  Umpem,  (4)  264. 

of  lanthorn  gurnard,  (4)  244. 

of  larger  uind-eel,  (4)  249. 

of  lemon  dab,  (4)  251 ;  (7)  188, 

38a;  (8)  281;  (10)  234,  370;  (17)  98; 

(21)  4r 


70. 

of  ling,  (4)  248;   (7)  195;  (8) 

2tj8;  (10)233;  (15)244,370;  (17)99. 

of  little  sole,  (7)  191  ;  )l7)e9. 

of  lobster,  (23)  101. 

—  of  Loch  UvBn  trout,  (4)  252. 

of  long  rough  dab,  (4)  250  ;  (7) 

191  ;  (6)  264  -,  (10)  234  ;  (15)  370  ;  (IT) 


of  lumpaucker,  (T)  197. 

of  mackerel,  (4)  245  ;  )17]  S8  ; 

S)327. 

of  Norway  pout,  (19)  ia4. 

of  Pagml  avratiiM,  (4)  244. 

of  Paiinurug,  (6)  209. 

of  Pandahu,  (6)  299. 

• . of  porch,  (4)  244. 

of  pike,  {4}  252. 

. . of  pilchani,  (4)  253. 

of  plaice,  (4)  250 ;  (7)  187  i  (8) 

O  ;  (10)  234  ;  (15)  370  ;  (19)  97  !  (20) 
18. 


of  plaice,  observations 

tank  in  hatchery,  (22)  262. 
of    plaice,     relation     of,     to 

temperature,  (IS)  240. 
of  pollack,   (4)  248 ;  (7)  194 

(8)268;  (17)99;  (20)251. 

of  pollan,  (4)  252. 

of  poor-cod,  (17)  98. 

of  red  gurnard,  (4)  244. 

of  red  mullet,  (4)  244. 

of  rockling,  (17)  W. 

of  Sa/mofario,  (4)  252. 

of  Saitao/onlinalis,  (4)  252. 

of  salmon,  (4)  252. 

of  iand-amclt,  (4)  246. 

of  sardine,  (8)  372. 

-..  ■  of  sea-lamprey,  (4)  254. 

of  Bea-acorpion,  (4)  244. 

of  sea-trout,  (4)  252. 

of  Semirtw  rahrUla,  (4)  244. 

of  Serraniu  giyof,  (4)  244. 

of  sharp. tailed  Lnmpenrtg,  (19) 

287  !  (22)  203. 

of  short-finned  tunny,  (4)  ' 

of  shrimp,  (6)  299  j  )9)  406. 

of  smelt,  (4)  252- 

of  sole,   (4)  251  ;   (7)  386;  (8) 

265;  (9)390. 

of  sole  at  Marseilles,  (8)  372. 

— of  sprat,  (4)  253;  (16)234,370 

(21)67;  (22)172. 


Spawning  period  of  stone  bass,  (4)  244. 
of  streaked  gnman),  (4)  244. 

of  Hturgoon,  (4)  254. 

of  BunniUlet,  (4)  244. 

of  turbot,  (4)250;  (7)182;  (8) 

264;  (10)233, '234;  (16)242,370;  (17) 

98. 
of  tiiBk,  (4)  24ft ;  (7)  197 ;  (9) 

259;  (10)233. 

of  twaibe  shad,  (4)  253. 

_„ of  vendane,  (4)  252. 

of  i-iviparouB  blenny,  (4)  245. 

of  whi'ting,  (4)  247  ;  (7)  194  ; 

(8)  2S7  ;   (ID)  233,  234  ;  (15)  370  ;  (17) 

97:  (19)185. 
of  witch,  (4)  251  ;  (7)  100 ;  (8) 

263 ;  (10)  234 1  (17)  09 ;  (22)  186. 

of  Zeugoplente  punclatv*,  (4) 


vmacnltUti*, 


■250. 
^—  of   ZeM^jopltmg 

(4)  250. 
relation  of  duration  of,  to  nnin- 

berof  eggs,  (16)  124. 
relative  intensity  of  i^wning 

at  different  times  of,  (17)  99. 
and  spawning  places  of  marine  food- 

fishee,(7)  171,  ife;   (8)  13,257,  268; 

(10)232. 

— of  angler,  (8)  260. 

of  bib,  (8)  268- 

„f  cat-fish,  (8)  269- 

of  coal-fish.  (7)  195 ;  (8)  268 ; 

(15)  243. 
—of  cod,  (7)  195}   (8)266;   (IS) 

194 ;  (23)  252. 
of  common  dab,  (7)  100;    (8) 

262;  (15)238. 
of  fishes,  (7)  4  ;   (8)  258  ;  (10) 

31.32,235;  (14)12. 
—  of  flounder,  (7)  190 ;   (8)  263 ; 

(15)232;  (21)44. 
of      food  -  Sshee, 

determining,  (8)  258. 
—  of  food-fishes,  old  ideas  on,  (8) 

164. 

of  gemmoouH  dragonet,  (8)  269. 

—  of  grey  gurnard,  (7)  196  ;   (8) 

268;  (15)241;  (17)  2K. 

of  haddock,  (7)  103 ;  (8)  265. 

— of  hake,  (7)  196. 

of  haUbut,  (7)  102 ;  (8)  266. 

of  herring,  (17)  270. 

of  lemon  dab.  (7)  180  ;  (8)  281. 

of  ling.  (7)  196 ;  (8)  268. 

of  little  sole,  (7)  101. 

— of  long  rough  dab,  (7)  101 

264. 


conditions 


(8) 


of  lumpsucker,  (8)  269. 

of  pUice,  (7)  187 ;  (8)  260,  2«a 

of  pollack.  (7)  104. 

. of  sprat,   (16)  235;    (21)   67; 

(22)  172,  176, 

of  turbot,  (7)  102  ;  (8)  265. 

of  whiting,   (7)  191 ;   (8)  287 

(15)  227. 

of  witch,  (7)  100  i  (8)  263. 

relation  of  bottom  to,  (8)  268. 

pond.  (21)181. 

process,  duration  of,  in  isdiTidnal 

fishes,  (IT)  227. 
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Specific  gravity  observations,  (7)  429. 
- —  gravity  ot  pelagic  eggs,  (17)  116. 
Sperms  of  common  mussel,  (6)  250. 
Spey  Bay,   trawling   investigations    in, 

(20)  104. 
Sphcerium  cormum,  (8)  336  ;  (9)271, 285  ; 
(15)320;  (17)159,  185. 

laauUre,  (8)  338  ;  (9)  276. 

Sphofroma  curtitm,  (15)  135. 

rugicamUi,  (8)  329 ;  (15)  317. 

Sphoirontlla  abysui,  (22)  254. 

acaiUhozonia,  (22)  254. 

ajfinis,  (22)  254. 

amphilochi,  (22)  242,  253. 

aorte,  (23)  150. 

antillentfis,  (22)  254. 

argiMte,  (22)  254. 

o/y/t,  (22)  225. 

bonnierif  (22)  225. 

ccUiopii,  (22)  225. 

ca/luiOrtutj  (22)  242,  252. 

capefUfitf,  (22),  255. 

chitteiUfM^  (22)  225. 

dulho',  (22)  242,  252. 

curtiptt^,  (22)  253. 

danica,  (22)  253. 

iltcorata,  (22)  253. 

dxdichUf,  (22)  253. 

tleqaiUula,  (22)  253. 

front aiin,  (22)  253. 

Ijiardii,  (22)  253. 

gitanoptndiit^  (22)  253. 

hofbolli,  (22)  253. 

inrngiiM,  (22)  253. 

intermedia,  (22)  253. 

irregularis,  (22)  263. 

leptocheira,  (22)  253. 

loiujipes,  (22)  253. 

inarginata,  (22)  253. 

mtiusinefms,  (22)  253. 

ntetopce,  (22)  253. 

microcephalay  (22)  253. 

minnta,  (22)  242,  251  ;  (23)  141. 

muniuyptsidia,  (22)253. 

pararloxa,  (22)  242,  251. 

;/yj;r»*"'a,  (22)  242,  263. 

wrare;wi*,  (23)  141. 

Sphyrion  lumpi,  (19)  128  ;  (23)  113,  114. 

Spirial'tH  rttrovermiH^  (7)  325. 

Spirit tiiui  artfiacea,  (7)  314. 

fofiacea,  (7)311. 

vivipam,  (8)  316. 

perjarata,  (8)  316. 

Spirling.     See  Smelt. 

I^rofoailiiui  canafiailata,  (15)  166. 

limhata,  (15)  165. 

— -p/anulaia,  (16)  274. 

SpiroHtocarxH  craiichii,  (16)  132. 

gaimardii,  (15)  132. 

ptt^iola,  (16)  156,  167,  209  ;  (17)  279 ; 

(20)  480. 

neairifranji,  (15)  132;  (18)  403;  (19) 

278  ;  (20)  516,  535,  537. 

Spiropagnrus  hyrulmanni,  (6)  268. 

Urnn,  (6)  258. 

Spirorftii  horealvt,  (16)  167. 

SpuntJa  Mlidumima,  (7)  341. 

tfpongilla  fiiu^iiiM^  (17)  166. 

Spotted  ray.     See  Ray,  homelyn. 

Sprat  {Chipea  npraUw),  (18)  288. 


Sprat,  affe  of,  (22)  180. 
and     winter     herring. 


notes    on 


natural  history  of,  (23)  164. 
as  foixi  for  herrings,  (6)  228. 


as  food  for   turbot  and  brill,  (21) 

52, 

as  *'  sardines,*'  (10)  162. 

in  trawl-net,  (8)  177  ;  (21)  67. 

destruction    of    young    herring    in 

fishing  for,  (2)  57  ;  (23)  156. 
difference    of    larval,    from    larval 

herring,  (6)  304. 
distinctions  from   herring,  (2)  48 ; 

(4)  100. 

distribution  of,  (21)  67. 

distribution  of  eggs  of,  (15)  234. 

of  eggs  of,  in  Firth  of  Clyde, 

(15)249. 

eggs  of,  (6)  304 ;  (7)  305  ;  (8)  285. 

egfifs  of,  Hensen's  observations  on, 

(6)304. 

fecundity  of,  (9)  268  ;  (22)  285. 


fo<Ki  of,  (20)  532. 

fishery  in  Firth  of  Forth,  regulation 

of  use  of  seine  in,  (18)  244. 

in  Firth  of  Tay,  (23)  156. 


fishing,  (2)  57  ;  (4)  205. 


proportion  of    young  herring 

taken  in,  (23)  157. 

growth  of,  (4)  100 ;  (22)  171. 

mature  and  immature,  (8)  177. 

maturity  of,  (2)  55,  56. 

method    of    preparation      of,      as 

"sardines."  (5)  218. 

on  coast  of  France,  (10)  162. 

parasites  of,  (18)  161  ;  (19)  127. 

preyed  on  by  herrings,  (4)  126. 

proportion  of,  in  "whitebait,"  (4) 

98. 
relation  of  length  to  weight  of,  (22) 

144,  148,  238. 

ripe  ovaries  of,  (22)  285. 

size  at  maturity,  (22)  181. 

skeleton  of,  (5)  291. 

spawning  period  of,  (2)  66 ;  (4)  263 ; 


(16)234;  (21)67;  (22)  172. 
spawning;  places  of,  (15)  236. 


S(iuidR,  capelin  attacked  by,  (3)  68. 

herrings  attAcketl  bv,  (3)  67. 

injuries  to  hooked  fishes  by,  (4)  204. 

mackerel  attacked  by,  (3)  68. 

note  on  an  extra  large  specimen  of, 

(6)264. 

sparling  attacked  by,  (3)  68. 


Star-fish,    emigration  of  amieboid    cor- 
puscles in,  (6)  280. 

Star-fishes,  depredations  of,  (4)  204. 

injurious  to  line-caught  fish,   (10) 

299. 

Starry  ray.    See  Ray,  starr}'. 

Statistics,  fishery,  charts  showing  pro- 
portional distribution  of  fish,  (20)  89. 

comparison  of  drags  of  trawl 

from  different  grounds,  (20)  80. 

comparison    of,    for    different 

areas  of  North  Sea,  (20)  82. 

discussion  on,  (20)  76. 

imnerfections  of,  (20)  76. 

influence  of  change  of  ground 


on,  (20)  83. 
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Statistics,  fishery,  information  i*egarding 
the  place  of  fishing  necessary,  (20)  88. 

in  relation  to  method  of  fish- 
ing, (20)  79. 

in  relation  to  place  where  fish 


caught,  (20)  80. 

necessity  of  ascertaining  dura- 
tion of  fishing  operations,  (20)  S). 

necessity  of  ascertaining  place 

of  capture  of  fish,  (20)  80  ;  (21)  38. 

necessity     of     dealing     with 


catches  of  individual  vessels,  (21)  38. 
—  new  system  of,  described,  (20) 


75. 


report  on,  (7)  178. 


—  of  Buckhaven  haddock  line-fishing, 
(5)  130. 

—  of  East  Coast  fisheries,  (6)  18,  Ac. 
of  fish  caught  by  forty -three  East 


Coast  fishing  boats,  1887,  (5)  132. 
of  fish  caught  by  line  and  net  boats 

in  inshore  grounds,  (5)  82. 
<jf  fish   caught    by    line-fishermen, 

(14)21. 
uf  fish  caught  by  line-fishermen  and 

beam-trawlers,  (7)  19 ;  (8)  26  ;  (9)  24  ; 

(12)28,  179. 
of  fisli  caught  by  line-fishermen  in 

the  Moray  Firth,  (14)  23,  120. 

of  fish  caught  by  trawlers,  (20)  74. 

of  fish  caught  in  Aberdeen  district, 


(6)  97. 

—  of  fish  caught  in  Anstruther  district, 
(6)  117. 

—  of  fish  caught  in  Leith  district,  (6) 
124. 


—  of  fish  caught  in  Montrose  district, 
(6)  108. 

—  of  fish  caught  in  Stonehaven  district, 
(6)  100. 

—  of    fish 


caught  within  the  area 
restricted  from  trawling  in  Anstruther 
district,  (5)  131. 

of  fishermen  and  boats,  (10)  12. 


of  fishing  boats,  (7)  27. 

of    fishing    boats    and     fishermen 

engaged,  (9)  8. 
oi    fish    landed.    Act    empowering 

collection  of,  (20)  78. 

of  fish  landed,  imperfection  of,   (20) 


76. 

—  -of  fish  landed  in  Leith  district  in 
1884,  1885,  and  1886,  (5)  217. 

—  of  fish  landed  by  net  and  line  boats 
and  by  steam  beam-trawl  boats, 
1886-7,  (5)  206. 

—  of  *' flounder,  plaice,  and  brill," 
analysis  of,  (20)  77. 

—  of  creat-liners,  (20)  86. 

—  of  line-caught  fish  from  territorial 
waters,  (12)30;  (14)21. 

—  of  North  Sea  fisheries,  (21)  37. 

—  of    Scottish    fisheries    since    1809, 


(10)  15,  174. 

of  Tay  sprat  fishery,  (23)  157. 


Stauroneia  anctps^  (9)  274. 
Stebbine,  Rev.  T.  R.  R.,  (10)  244. 
StegocephcUoides  auratesy  (15)  138. 

chrielianieneis,  (15)  138;   (17)  265; 

(20)  478. 


Stegoplax  brevicomis^  (20)  510. 

bremrostris,  (19)  260. 

longircstrisy  (18)  401. 

Sitnhdia  hlanchardi,  (18)  390. 

con/iMa,  (20)  449,  458. 

deiUicnlata,  (12)  240. 

dispar,  (12)  239. 

hirriuia,  (12)  239  ;  (20)  457. 

hinpida,   (12)  239;    (15)  149;    (19) 

248 ;  (20)  457. 
ima,  (6)  239  ;  (8)  318  ;  (15)  149  ;  (20) 

457;  (21)114. 
intermedia^  (15)  169;  (19)  248  ;  (20) 

457. 

pygmneat  (23)  144. 


rejlexa,  (13)  167. 

Stenorhynchiui  phcUangiumy  (6)  256. 

rotftralus,  (6)  256. 

Steiiothocheres  egregiuSy  (22)  242,  250. 

Mm,  (22)  225. 

Stenothoe  marina,  (7)319;  (15)  138;  (16) 

170,  177,  210;  (17)  265;  (20)  616,  527, 

5-29. 

monoctUoides,  (6)  246 ;  (15)  138. 

}x>Hexianay  (6)  246. 

Stephanopyxiif  turris,  (15)  214. 
Stepho«  fiiHoniy  (16)  266 ;  (18)  383. 

gyram,  (15)  146  ;  (19)237  ;  (21)  110. 

m'mor,  (16)  266  ;  (20)  450. 

scotti,  (20)  450 ;  (21)  110. 

Steven,  Dr  J.  Lindsay,  (10)  323. 
Stewart,  Dr  C.  Hunter,  (7)  412,  472. 
Sthenometopa  robusta,  (20)  478. 
Stichaster  roseus,  (15)  161 ;  (20)  309,  319, 

324. 
Stickleback,  fifteen-spined,  {CkmUroateus 

»piiiachia),  (18)  281  ;  (23)  157. 

fecundity  of,  (9)  254. 

food  of,  (20)  486.  5a5. 

in  Loch  Fyne,  (4)  232 ;  (15)  111. 

nest  of,  (4)  212. 

parasite  of,  (18)  147. 

ihree-Bp\ned{Ga^tero8teusactUecUu«), 

(18)  281  ;  (23)  157. 

food  of,  (20)  486.  504. 


parasites  of,  (9)  273 ;   (18)  147, 

179;  (19)  122. 
Stili/tr  turtoni,  (7)  324. 
Stiliger  modenttiSy  (8)  331. 
Sting  ray.     See  Ray,  sting. 
Stirling,  Professor  W.,  (2)  31  ;  (4)  166, 

256. 
Stomatopora  granvlatay  (16)  167. 
Stomphia  chwchiaty  (15)  163. 
Stone  bass  (Poiyprion  americanus),  (18) 

274. 

spawning  period  of,  (4)  244. 

Stonehaven,   pelagic   eggs  of  fishes  off, 

(12)300. 
Storms,  effect  of,  on  marine  fauna,   (4) 

215. 
Stow-net  fishing  and  the  destruction  of 

immature  fish,  (8)  190. 
Streaked      gurnard.         See      Gurnard, 

streaked. 
Strehloccrais  minutus,  (17)  141,  184,  199. 
Striped  wrasse.    See  Wrasse,  striped. 
Strongylocenlrotus     droelxichiensis,     (20) 

316,  319,  324. 
Sturgeon  {Acipenser  gtnrio),  (18)  289. 


of  the  Fishery  Board  for  Scotland. 


243 


Sturgeon  caught  in  trawl,  (21 )  228. 

parasite  of,  (23)  110. 

sexual  maturity  in,  (6)  303. 

spawning  period  of,  (4)  254. 

Styelopsiti  groismUariat  (15)  114. 
Styli-plankton,  (15)  303. 
Sti/fophont-8  hypocephaliiSy  (18)  169. 
Suherifetf  domunctUa,  (15)  165. 

/cM^,  (15)  165. 

SuccimaptUris,  (9)285;  (17)  159,  184. 
Sucker,  Cornish  (Lepadoydster  goiuinii)^ 

(18)279. 
Montagu's    {Cydogaster     (Liparis) 

maiUagui),  (4)212,  232;  (6)  269;   (15) 

110;  (18)279. 

eggs  of,  (3)  60  ;  (16)  91. 

fecundity  of,  (9)  253. 

post-larval  forms  of,  (7)  309. 

post-larval  condition  of,  (6)  269. 


rate  of  growth  of,  (12)  334. 

variety  of,  (3)  64. 

Suitability  of  Scottish  waters  for  oyster- 
culture,  (9)  16. 

SiUcator  arenariiutj  (10)  264. 

Suiiamphithoe  ?iamaiusy  (6)  249. 

hatmUtis,  (6)  249, 

Suitaruites  paguriy  (11)  201,  202. 

Sun-fish,  short  {Orthagoriscius  mo/a), 
(18)  289. 

parasites  of,  (18)  151,  157,  159  ;  (19) 

1-26,  144;  (23)113. 

Surface-currents  of  North  Sea,  (18)  370. 

Surface-drift  in  North  Sea,  direction  of, 
(15)  .339. 

Snrirdla  hiseruxtay  (9)  274. 

linearis^  (9)  274. 

ovalMy  (9)  274. 

Surmullet.     See  Mullet,  red. 

Sutherland,  Mr  A.,  (9)  177. 

Sweden,  fisheries  of,  (12)  395  ;  (13)  338. 

of  Bohuslan,  (9)  408. 

fishery  work  in,  (7)  405  ;   (9)  407 ; 

(10)344;  (11)  498;  (12)  395;  (13)340. 

Swedish  fishermen,  (10)  209. 

Switzerland  as  a  market  for  Scottish- 
cured  herrings,  (7)  166. 

Sympleuales  lattpeSy  (19)  262. 

Syiiapta  digitata,  (15)  162. 

Synaptura  pectoralist  (18)  359. 

SyncUiphilm  liiteus,  (19)  251. 

Syiichelidium  hrevicarpum^  (15)  139  ;  (17) 
265;  (20)491,510,516. 

Syngiiathus  actu^.    See  Pipe -fish,  greater. 

Syrrhoe  hamatipeSy  (11)  213. 


Tahdlaria  Jlocculomiy  (9)  274. 

Tachidim  hrevicomisy  (9)  302 ;  (10)  250 ; 

(18)380. 

crassicamisy  (10)  250 ;  (11)  203. 

discijieny  (9)  302. 

linoralMy  (15)  317  ;  (19)  248. 

Tadp>le  hake.     See  Forkbeard,  lesser. 
Talttrus  locu^ftay  (6)  245  ;  (15)  137. 
Tanais  tomentotmMy  (15)  135. 

nttcUuSy  (6)  251, 

Tanaop»vt  IcUicaudatus,   (15)   136;    (17) 

266;  (19)269. 
Tapen  pullaMray  (15)  126. 


Tapes  tnrgineay  (15)  126. 

Tarbet  Ness,  trawling  investigations  ofi", 

(21)37;  (22)27. 
Tanria  medu^aruniy  (9)  310. 
Tay,  bacteria  in  water  of,  (4)  187. 

sprat  fishing  in,  (23)  156. 

Tealia  croHsicomiSy  (16)  163. 

Technical  instruction  to  fishermen,  (22) 

264 ;  (23)  6. 
Tecnitdia  legumeny  (16)  274. 
Tdene  rotundatay  (8)  330. 
Teleostean  development,  notes  on,  (16) 

211. 

fishes,  sense  organs  of,  (7)  386,  386. 

Tdlhva  balthicay  (7)  228  ;  (15)  128. 

cra^ay  (15)  128. 

/abiUay  (15)  128. 

prutmaticUy  (20)  529. 

tenuhfy  (15)  128  ;  (20)  510,  522. 

Temora  afnisy  (10)  245  ;  (18)  385. 

longxcaudatUy  (6)  237. 

longicmmisy  (4)  148;   (11)  203;  (15) 

146,  305,  &c.  ;  (16)  182,  183,  &c.  ;  (20) 

494,  500,  503,  &c. 

as  herrin|;-food,  (4)  125. 

distribution    of,    in   Firth  ot 

Forth,  (16)  183. 

vdoxy  (6)  237  ;  (18)  384. 

Tenwrellu  vthXy  (6)  237. 

Temperature  of  bottom  water  on  east 

coast  of  Scotland,  (15)  371. 
of  surface  water  on  east  coast  of 

Scotland,  (15)  371. 
of  water,  influence  of  wind  on,  (15) 

264. 
influence  of  change  of,  on  (-pawning 

of  plaice  in  confinement,  (20)  441. 
low,  on  feeding  of  fishes,  (22) 

162,  171. 

low,   on  movements  of  edible 


crab,  (22)  125. 

low,  on  lobster,  (23)  72,  98. 

— on  movements  of  shore  crab, 

(22)  125. 

on  development  of  fish,  ( 15)  178. 

on  duration  of  development  of 

fish  eggs,  (13)  15;  (15)370. 
on  growth  of  fishes,  (20)  336  ; 

(22)  159. 
on  growth  of  lobster  embryos, 

(14)  14. 
on  hatching  of  cod  eggs,  (6) 

242. 
on  migrations  of  gurnard,  (17) 

216. 
on    rapidity    of    digestion    in 

fishes,  (22)  171. 

on  spawning  of  herring,  (6)  306. 

variations  of,  on  movements  of 

fish,  (13)  3.39. 
in  relation  to  the  Dutch  anchovy 

fishing,  (9)  415. 
migrations  of  fishes  in  relation  to, 

(20)  ,^36. 

range  of,  in  shallow  water,  (20)  336^ 

relation  of,  to  copepoda,  (17)  114. 

relation  of,  to  growth  of  plaice,  (17) 

239 ;  (20)  342. 
relation  of,  to  spawning  of  plaice^ 

(20)  .344. 


244 


Part  IIL — Twenty-third  Annual  Report 


Temperature,   relative    senftitiveness    of 

iisnes  to  sudden  changes  in,  (22)  162. 

observations,  (7)  431  ;  (12)  338. 

of  sea  and  ponds,  Dunbar,  (17) 

205. 
in      Aberdeen      Bay.         Ste 

"Garland." 
in    Faeroe-Shetland    Channel, 

(15)282. 
in     Firth     of     Clyde. 

*' Garland." 
in     Firth     of     Forth. 

"Garland." 

in  Loch  Achray,  (17)  152. 

in  Loch  Arklet,  (17)  142. 

in  Loch  Doon,  (17)  170. 


See 
See 


in    Duddingstone    Loch, 

166. 

in  Forfar  Loch,  (17)  156. 

in  Loch  Katrine,  (17)  147. 


(17) 


in  Loch  Leven,  (17)  161. 

in  Loch  Ixxihy,  (17)  180. 

in  Loch  Lomond,  (17)  136. 

in  L(jch  Ness,  (17)  175. 

in  Loch  Oich,  (17)  178 

in  Montrose  Bay.     See  **  Gar- 


land." 


land." 


in  Moray  Firth.      See  "Gar- 


in    8t.    Andrews    Bay.       See 

"Garland." 

report  on,  (13)  15,  302. 

Tenacity  of  life  in  plaice,  (23)  253. 

Tephritw,  (18)  354,  356. 

iiinen^^  (18)  356. 

Terehellides  strvemiij  (15)  158. 

Terebratuliiia  capxU-serpenlis^  (15)  129. 

Teriitorial  waters,  deliverance  of  Parlia- 
mentary  Committee  respecting,    (12) 

deliverance    of     Institute    of 

International  Law  respecting,  (12)  12. 

fish  caught  in,  (10)  13,  28  ;  (12) 

30. 

inadequacy  of  present  limit  of. 


(11)13;  (12)11,  12,385. 

limits  of,  (11)  13  ;  (12)  11. 

Tetragatiicepa  hradyi^  (10)  253. 

hrevicauda,  (18)  392. 

cmmmUis,  (12)  244 ;  (16)  268. 

im'trtm,  (10)  254,  260  ;  (21)  117. 

macronyx,  (10)  253  ;  (17)  256. 

maltolata,  (10)  252,  253,  254;  (18) 

391. 

pyg'nta'us,  (21)  117. 

Textnlaria  gramen,  (8)  315  ;  (16)  275. 

pyfJTiK^^i  (15)  166. 

sagittula,  (8)  315 ;  (15)  166. 

trochusy  (16)  275. 

variahUiSy  (8)  315. 

ThcUassioaira  (fraidda,  (15)  214. 

fiordeiwkioldiiy  (15)  214. 

ThoUdssiothrix  longissima,  (15)  214,  301. 
Thalestris  cJamii,  (4)  152;  (9)  303;  (15) 
.    152;  (21)130. 

forfadoides,  (12)  255  ;  (15)  152. 

harpactoides,  (10)  257,  258  ;  (11)  203. 

helgolandica,  (9)  303  ;  (17)  258. 

, longimana,   (4)   152;  (6)  240;   (16) 

152;  (16)177,210. 


Thalestrvs  mysis,  (4)  151  ;  (13)  170;  (15) 

152. 

peltaia,  (16)  269  ;  (21)  129. 

ntfocincta,  (6)  240;  (10)  257;    (16) 

269;  (21)130. 

ni/o-violagcena,  (9)  303. 

serrtUcUus,   (8)  319;  (9)  302;    (16) 


177,  210. 
ThannuUena  dapctrediiy  (22)  248. 

rtgidius,  (22)  242,  248. 

rotftratua,  (22)  242,  249. 

thompsoni,  (20)  449,  470 ;  (22)  242, 

248. 

zetlandicus,  (22)  242,  249. 


Thaumatocotyle  concinna,  (22)  278. 
Thelepus  circiricUtiSj  (15)  158. 
Themislo  brevwpinosaf  (6)  255. 

compresMif  (10)  266. 

longispinoMLj  (6)  256. 

Thersites  gaMerottei,  (18)  146  ;  (19)  122. 
Thickback  {Solea  variegata),  (18)  287. 

in  Moray  Firth,  (22)  286. 

e^s  of,  (22)  286. 

Thick-lipped  grey  mullet.     Se€  Mullet. 
Thomson,  Mr  Georse  M.,  (13)  336. 
Thompson,  Mr  J.  (T.,  (8)  363. 

Mr  J.  Stuart,  (23)  130. 

Mr  Lindsay,  (11)  21,  487. 

Professor  D'Arcy,    (18)  361;    (19) 

114,  125. 
Thorellia  bninnm,  (8)  318;  (16)  148. 
Thornback  ray.    See  Ray,  thomback. 
Thoulet,  Professor  M.  J.,  (9)  420;  (13) 

345. 
Thrada  papyracea^  (15)  129. 
— —  vUlositisada^  (15)  129. 
Three-bearded  rockling.    See  Ruckling, 

three-bearded. 
Three-mile    limit  of   territorial    waters 

in  relation  to  fisheries,  (11)  13;   (12) 

11. 
Thresher  shark.     See  Shark,  thresher. 
Thurso  Bay,  trawling  investigations  in, 

(20)  95. 
Thymalhis  mdgaris.    See  Grayling. 
Thyvnu^  pelamya.     See  Bonito. 
Tfiyone  raphanus,   (15)   162;    (20)    307, 

319   324. 

fnmA,  (15)  162  ;  (20)  307,  319,  324. 

Thysanoei<sa  borecUis,  (10)  267. 

—  mglecta,  (16)  158,  160,  209;  (17)  268  ; 

(18)  403. 

muuif  (4)  157. 

norvegicay  (4)  167  ;  (6)  264. 

raschiiy  (4)  157  ;  (6)  254. 

Thymnott  ittipttdicay  (18)  169;  (20)  299. 
Tidal  observations  in  Loch  F^ne,    (15) 

268. 
Tides  affecting  sprat  fishing  in  Tay,  (23) 

163. 
Tides,  influence  of,  on  surface  drift,  (15) 

360. 
Tomopteris  oniaciformis,  (6)  282 ;  (16)  157, 

307,311;  (16)210. 

ciliated  organs  of,  (6)  282. 

eggs  of,  (6)  282. 

Tope  (G^o/eiM  canis)^  (18)  290. 

food  of,  (4)  213. 

parasites  of,  (18)  157,  172. 

Toper.    See  Tope. 
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Topknot,    Muller*8    (Zengopterus   punc- 

tatus),  (4)  226  ;  (8)  285 ;  (21)  229. 

eggs  of,  (7)  304  ;  (17)  83,  93. 

in  Firth  of  Forth,  (8)  357. 

in  Loch  Fyne,  (15)  112;   (18) 

357. 

on  East  Coast,  (21)  229. 

parasites  of,  (19)  122 ;  (20)  290. 

spawning  period  of,  (4)  250. 

young  stages  of,  (13)  333. 

Norway     {Zeugopttnis    {Scophthal- 

miiSj    Bhombus)  norvegiciis)^   (12)    19, 

227  ;  (18)  286,  357. 

eggsof,  (16)  91. 

intraovarian  eggs  of,  (16)  97. 

one-spotted  {Zeugopterus  unimacti- 

latm),  (18)  285. 


eggsof,  (17)83,  93,  96. 

habits  of,  (4)  225. 

in  Loch  Fyne,  (15)  112. 

ripe  e^gs  of,  (4)  226. 

spawinng  period  of,  (4)  250. 

Topknots,  yonn>r  of,  (11)  246. 
Toniatvia  mamiflata,  (15)  115. 

nitidulay  (15)  115. 

ohtuaa,  (15)  115. 

tntnccUnlay  (15)  115. 

umbiticatay  (15)  115. 

Torpedo  {Torptdo  iwbUiana),  (2)  79 ;  (19) 

290. 
Torptdo  marmorcUa^  (2)  79. 
Torek.     Ste  Tusk. 
Tonila  morrhuo'j  (6)  205. 
Tosh,  Dr  J.  R.,  (12)  19,  20,  300,  333. 
Tracheli/er,  (17)  269. 
Tracheloltddla  lophii,  (19)  138. 

putKtata,  (19)  138. 

striafa,  (19)  138. 

Trachinua  draco.     See  Weever,  greater. 

vijJtra.     See  Weever,  lesser. 

Trawlers,  flat  fishes  landed  by,  (20)  77. 
observations  made  on  commercial, 

(20)  73. 

routine  work  on  board,  (19)  58. 

statistics  of  fish  caught  by,  (20)  74. 

Trawl-net,  influence  of  mesh  on  size  of 

fishes  caught,  (19)  62. 
inverteorate  fauna  taken  by.     See 

"Garland." 
relation  of  size  of  mesh  to  capture 

of  immature  fish,  (8)   182;    (12)  302; 

(19)64. 
used  by  *' Garland,"  description  of, 

(14)  129,  130. 
Trawl-nets,  mesh  of,  (13)  334. 
relation  between  size  of  mesh  and 

fish  captured,  (12)  302. 
Trawling,  action  of  net  on  bottom  in,  (8) 

360. 
and  the  fisheries,  observations  on, 

(12)  15. 

area  of  fishing  extended,  (20)  83. 

areas      frequented     by     Aberdeen 

vessels  in  1891  and  1901,  (20)  140. 
at  Iceland,  statistics  of  catches  at, 

(20)  135. 
capture  of  immature  fish  by,  (6)  3 ; 

(8)  179,  195. 
change    of    grounds    by   Aberdeen 

trawlers,  (20)  126. 


Trawling,  comparative  experiments  with 
otter- trawl  and  beam-trawl,  (20)  118. 

comparative       productiveness       of 

diflerent  areas  in  North  Sea,  (20)  138. 
comparison   of  adjacent  cloaed  and 


unclosed  areas,  (7)  22. 

—  comparison  of  amounts  of  fish  landed 

by  beam -trawlers  and  line-fishermen, 

(6)7. 

comparison  of  catches  of  trawlers 


from  different  parts  of  the  North  Sea, 
(20)  135. 

—  effect  of  change  of  grounds  in  1S91 
and  1901  on  statistics,  (20)  141. 

—  enquiries      of     Government     com- 


missioners regarding,  (6)  17. 

—  enquiries  of  committee,  (6)  2,  17. 

—  extension  of  fishing  to  north-eastern 
parts  of  North  Sea,  (20)  126. 

—  for  herring.     See  Seine-net. 

—  grounds  at  firet  frecjuonted  by  the 
Aberdeen  trawlera,  (20)  127. 

—  in  Australia,  (9)  400. 

—  in    Bay    of    Biscay,    statistics    of 


catches,  (20)  135. 
—  in  France,  (9)  419. 

in  Holland,  investigations  on,  (13) 


341. 


395. 


in  L'eland,  enquiries  regarding,  (9) 


—  in  Italy,  enquiry  regarding,  (7)  401. 

—  in  Japan,  investigations  on,  (13)  348. 

—  in   Spain,    enquiries  regarding,  (7) 
396,  398;  (13)346. 

limits  of  closed  waters,  (8)  370. 

regulations  regarding,  (13)  346. 

—  increase  of    abuncmnce   of    fish  in 


protected  watere,  (6)  18. 

—  increase  of  small  fish  in  protected 
watera,  (6)  2. 

—  influence  of  size  of  mesh  of  net  on 


fish  caught,  (19)  62. 

—  in  relation  to  eggs  of  fishes,  (7)  401. 

—  method  of  treating  information  as  to 
place  of  fishine,  (20)  137. 

necessity  oi  regulating,  in  Firth  of 


Clyde,  (6)  5. 

—  on  beach,  effect  of  clear  water  on 
result  of,  (17)233. 

—  on  deep-water  grounds,  (19)  60. 
place  of  fishing,   how  ascertained, 


(20)  136. 

—  proportion  of  marketable  and  un- 
marketable fishes,  (19)  60,  61. 

records  as  to  place  of  fishing,  (20) 


135. 


—  regulations  closing  waters  against, 
(20)  128. 

—  relation  of  mesh  of  net  to  fish  caught, 
(8)  182. 

result  of  successive  hauls  on  same 


ground,  (21)34,  36. 

—  small-meshed  net  used  for  collecting 

small  fishes,  (20)  327. 

speed  at  which  net  is  towed,  (20) 


122. 


statistics  of  catches  for  a  period  of 


years,  (20)  126. 

—  vessels,  changes  in,  (12)  169. 

—  vitality  of  fish  caught  by,  (8)  18a 
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Trawling  experiments  of  "Garland."  See 
"GarWd." 

at  Orkney.     See  *  *  Garland. " 


description  of,  (14)  133. 

Aberdeen      Bay. 


in 


See 
*  Garland." 

in  Aberdeen  Bay,  description 

of  stations,  (5)  55. 

—  in  Clyde,  description  of  stations. 


(18)  20. 

inefficiency  of  "Garland"  for, 

(20)  29. 

in  Firth  of  Clyde.     See  "Gar- 


land." 


land." 


in  Firth  of  Forth.      See  "  Gar- 
-  in  Firth  of  Forth,  description 


of  stations,  (5)  52. 

in  Firth  of  Forth,  comparison 

of  periods,  (20)  21. 

in  Forth  and  St.  Andrews  Bay, 

conclusions  from,  (14)  144. 

in  Montrose  Bay.      See  **  Gar- 
land." 

in  Moray  Firth.        See   "Gar- 
land." 

in  Moray  Firth,  description  of 

stations,  (19)  18. 

in  St.  Andrews  Bay.  See  "Gar- 


laud." 


in  St.  Andrews  Bay,  descrip- 


tion of  stations,  (14)  130. 
origin  of,  (14)  128. 


review  of  results  of ,( 14)  1 1 ,  145. 

investigations    by    steam -trawlers, 

(19)58;  (^)13;  (23)  13. 
by  steam-trawlers  at  Faeroe, 

(23)  31-33,  58-64. 


by  steam-trawlers  in  Aberdeen 

Bay,  (19)  68,  79.  85;  (20)  92,  95,  96, 

98,99,  102-106,  109,  110,  112;  (22)  19; 

(23)  13,  14,  22,  25,  28,  31,  34,  48,  49, 

53,57. 
by  steam-trawlers  in  Burghead 

Bay,  (20)93,  97,  98,  101,  104,  HI,  113; 

(23)  18,  19,  22,  26,  27,  29,  30,  42,  44, 

45,  50-57. 
by  steam -trawlers  in  Cromarty 

Firth,  (20)  93. 
— by  steam-trawlers  in  Dornoch 

Firth,  (20)  94,  97,  101,  104,  107,  110; 

(23)  20,  21,  24,  26,  29,  42,  43,  47,  52, 

65,57. 
by  steam-trawlers  in  Dunnet 

Bay,  (23)  16. 
by  steam-trawlers    in    Lonan 

Bay,  (20)  96. 
by  steam -trawlers    in   Moray 

Firth,  (19)  18,  69,  80,  88  ;  (20)  18 ;  (22) 

19 ;  (23)  13,  14,  26. 
— ^ by   steam -trawlers    in    North 

Sea,  (20)  73. 
^— by  steam -trawlers  in  Sandside 

Bay,  (23)  15,  36,  37. 
■         by  steam-trawlers  in  Sinclair 

Bay,  (20)  94. 

by  steam-trawlers  in  Spey  Bay, 


(20)  104. 


Bay,  (20)  95. 


by  steam -trawlers  in  Thurso 


Trawling  investigations  by  steam- 
trawlers  off  Dunbeath,  (20)  94. 

by  steam-trawlers  off  the  Firth 

of  Forth,  (22)  48. 

by  steam-trawlers  off  Lossie- 
mouth, (20)  93,  101  ;  (23)  20,  24, 
41,  46. 

by  steam -trawlers  off  Lybster, 


(20)  106,  112,  114;  (23)  15,  24,  34,  35, 

36,47. 
by  steam  trawler   off  Ord   of 

Caithness,  (23)  15,  37,  38. 
by   steam-trawlers    on    deep- 
water  grounds,  (19)  67,  71  ;  (20)  114. 
by    steam-trawlers    on   Smith 

Bank,  (20)  95,  96,  106,  114;  (21)  18; 

('22)  25,  30,  36,  43,  45  ;  ('23)  13,  '22,  24, 

31,  44,48,  57. 
by  steam-trawler  on  "Witch 

grounds,*^  (23)  13,  17,  26,  39,  50. 
TrebiuH  caudatus,  (9)  306 ;  (18)  155. 
Tremadoto  parasita,  (19)  137  ;  (20)  299  ; 

(22)278;  (23)  115. 
Tricho-plankton,  characters  of,  (15)  302. 
Trichopsttta,  (18)  356. 
TrichotropiH  hortalis^  (16)  119. 
Tri/oris  per  versa  f  (15)  118. 
Trigla  cuc^Uus.     See  Gurnard,  red. 

gnniardus.     See  Gurnard,  grey. 

hinuuio.      See  Gurnard,  sapphirine. 

iituaia.     See  Gurnard,  streaked. 

lucenia.     See  Gurnard,  lanthoru. 

ohscura.     See  Gurnard,  lanthom. 

Triglops  murrayiy  (IS)  105 ;   (16)8;   (18) 

276. 
TriloaUiiia  brongniartii,  (7)  313. 
— -  oblonga,  (7)  312. 
Triopa  clamgeray  (15)  116. 
Tripos-plankton,  characters  of,  (15)  302. 
Tristoma  coccineumy  (19)  144. 

nioliB  (19)  144. 

TrUcUa  gibbom,  (14)  160 ;  (19)  262. 

Tritonia  hombergi,  (15)  117. 

Trivia  europira^  (15)  118. 

Trochamina  infiata,   (8)  315,   322;   (16) 

275. 

macrescenSy  (8)  315. 

ochracetty  (8)  316. 

plicxituy  (16)276. 

robertsoniy  (16)  276. 

squamatay  (16)  166. 

8qiuimata-gord\al%8y  (8)  314. 

Trochopus  HneatuSy  (19)  143. 
Trochtis  granulatusy  (15)  168. 

lyonsiiy  (8)  331. 

montacutiy  (8)  331. 

tumidusy  (6)  231. 

zizyphinusy  (8)  331. 

Trophon  muriccUuSy  (15)  118. 

truncatusy  (15)  118. 

Trophonia  glaucay  (15)  168. 
Trout,  catarrh  of  gills  of,  (12)  294. 

common,  parasites  of,  (19)  132. 

sea-  (Salmo  trutta)y  (18)  287. 

spawning  period  of,  (4)  262. 

TrunccUulina  lobattUay  (9)  288  ;  (16)  167. 

ungerianay  (16)  277. 

Tryblionella  angustcUay  (9)  274. 
Trygoti  pastifuica.    See  Ray,  sting. 
Tryphana  malmiy  (22)  243,  266. 
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TryphoM  cUicUa^  (7)  327. 

horringiiy  (14)  158. 

longipes,  (7)  320 ;  (22)  257. 

nanoidesy  (22)  256. 

8ar«i,  (15)  137. 

Tryphoadla  horriiigii,  (19)  258  ;  (20)  523. 
TryphosUts  loiigipeSy  (15)  137. 
Tiib-fish.     See  Gurnard,  bapphirine. 
Tuhiftx  rimUorum^  (9)  273. 
Tumour  attached  to  stomach  of  a  saithe, 

(13)236. 
Tumour,  cystic,  in  head  of  cod,  (4)  215. 

from  a  tunny,  (11)  392. 

Tumours,   caseous,  in  muscels  of  hake, 

(3)  76. 

in  haddock  and  cod,  (10)  323. 

multiple,   in  plaice  and  flounders, 

(3)66;  (4)214;  (11)391. 
Tunny  {Orcynm  thynnin<)y  (18)  277. 
description  of  one  caught  in  Firth 

of  Forth,  (4)  206. 

parasites  of,  (4)  207. 

skeleton  of,  (12)  272. 

spawning  period  of,  (4)  245. 

Tupper,  Sir  Charles,  (8)  359  ;  (6)  192. 

Turoo  polituti. 

Turhonilla  ritja,  (15)  121. 

Turbot   (Rhombus  maximus)^   (15)    112; 

(18)  285,  357. 

abnormal  specimen  of,  (2)  80. 

cross-fertilisation    of,   with    lemon 

dab,  (8)  358. 

development  of,  (13)  14,  224. 

distribution  of,  (21 )  51. 

distribution  of  adult  and  immature, 

(8)171;  (21)51. 

distribution  of  young,  (10)  279. 

eggs  and  larvje  of,  (12)  19,  222. 

eggs  of,  (7)  304  ;  (8)  285  ;  (10)  274  ; 

(13)14,  224;  (14)  151,   172;  (15)  187; 

(16)91,  lU;  (17)  82,  83,  84.  93,  96, 

104. 

eggs  of,  distribution  of,  (15)  242, 250. 

experiments  in  breeding  of,  (14)  150. 

fecundity  of,  (9)  262. 

food  of,  (7)  234,  240 ;   (8)  249,  250, 

252,  253,  255 ;  (20)  312,  &c.  ;  (21)  52. 

gmwthof,  (11)  195. 

hatching  of,  (12)  11  ;   (13)  9,    131  ; 

(14)  150;  (16)  219. 

larvae  of,  (13)  14,  244. 

mature  and  immature,  (8)  380. 

migrations  of,  (11)  189  ;  (21)  51. 

minimum  size  at  maturity  of,  (8) 

161,  162,  163. 
parasites  of,  (18)  162,  166  ;  (19)  137, 

143. 

post-larval  forms  of,  (7)  307. 

proportion  of  males  to  females,  (8) 

319. 


relation  of  length  to  weight  in,  (22) 

144,  216. 
remarks  on  gravid  forms  at  Dunbar, 

(13)  244. 

sexual  proportions  of,  ( 10)  239. 

size-limit     between     mature     and 

immature,  (22)  18. 
spawning  period  of,   (4)  250 ;    (7) 

192  ;  (8)  264  ;  (10)  232,  236  ;   (16)  242 ; 

(17)  98. 


Turbot,  spawning  places  of,  (7)  192 ;  (8) 

264. 

young  of,  (11)246. 

Turkey  as  a  market  for  Scottish-cured 

herrings,  (7)  164. 
Turner,  Sir  William,  (20)  541. 
TurriteUa,  (7)  347  ;  (20)  497. 

terebra,  (15)  119  ;  (20)  522. 

Turtaiiia  minut<i,  (15)  125. 

Tusk  (Brotmins  brotmie),  ( 10)  260 ;  (21 )  63. 

development  of,  (10)  289. 

eggs  of,  (10)  288  ;  (16)  91,  114,  115. 

fecundity  of,  (9)  269. 

parasite  of,  (18)  180. 

sexual  proportions  of,  (10)  239. 

small  size  of  testes  of,  ( 10)  240. 

spawning  period  of,  (4)  249 ;  (7)  196. 

Tweecl,  micro-organisms  in  water  of,  (4) 

179,  184  ;  (5)  332. 
Typhlolannk  brtviconm,  (19)  268;  (20) 

479. 


U 


Udoiiella  cafigonimy  (19)  144. 

Uu<:iola  planipes,  (17)  265  ;  (19)  266 ;  (20) 

479  51 1   520. 
Undiiiopds  bradyi,  (18)  384  ;  (20)  461. 
United  States  as  a  market  for  Scottish- 
cured  herrings,  (7)  169. 
fishery  work  in,  (6)  301  ;   (7)  388 ; 

(8)  363  ;  (9)  401  ;   (10)  342  ;   (12)  393 ; 

(13)  336. 
money  spent  on  fisheries  in,   (12) 

393. 
piscicultural  work  in,  (9)  402 ;  (13) 

336. 
report  on  fishery  industries  of,  (7) 

388. 


work  of  Fish  Commission,  (6)   14, 

16,  30 ;  (8)  363  ;  (12)  393  ;  (14)  8. 

(/raster  nibeiiSy  (7)  347. 

Urothoe  eJegaiis,  (8)  327. 

mariiia,  (14)  159  ;  (15)  138;  (18)  401. 

non^icaj  (15)  138. 

pulchella,  (14)  169. 

Use  of  small-meshed  nets  in  the  herring 
fishing,  (6)  295. 

Utriculns  obttisitSf  (20)  510. 

Ungerina  angulosay  (8)  316  ;  (16)  277. 


Vaarsild,  (17)282. 
VaginiUina  legumeUy  (16)  277. 

linearis,  (7)  314. 

Vcdvata  cristata,  (9)  271,  284,  288 ;  (16) 

320;  (17)  169. 
piscinalis,   (8)  .336;    (9)    271,   276, 

281,285;  (12)285;  (13)249;  (16)320; 

(17)  139,  &c. 
ValvtUina  austriacay  ( 16)  276. 
Variability  of  characters  in  species,  (18) 

294. 

various  forms  of,  (18)  207. 

Variation  in  the  size  of  fishes'  eggs,  (13 

16,  271. 

of  lobster  meffalops,  (33)  83. 

Variations,  method  of  treating,  (18)  201. 
Varigny,  M.  de,  (12)  297. 
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Vaunthompsonia  criiUataf  (14)  158;   (15) 

134. 

roseaf  (4)  164. 

Vela,  SenorR.  Gutierran,  (8)  21,  353; 

(9)  389,  421  ;  (11)  487  ;  (12)  403. 
VdiUdla  fltxilU,  (15)  120. 
VeliUinabf.vigata,  (15)  120. 
Vendace  {Coregonus  varuUtsiutt),  spawning 

period  of,  (6)  252. 
Venilia  gracxlis^  (6)  253. 
Venus  camiuij  (15)  127. 

fasciata,  (15)  127  ;  (20)  527. 

gallina,  (15)  127. 

minima^  (8)  331. 

oirUu,  (15)  127. 

Verasper,  (18)  352. 

Vermes  of  Loch  Fyne,  (15)  157;  (16)  273. 

pelagic,  of  Firth  of  Forth,  (16)  190. 

Vtrmictdum  bicome,  (7)  313. 

ohlongum,  (7)  312. 

Verjie  u  Uina  poiyst  ropha^  (16)  275. 
Vtrrucca  afronita,  (6)  237  ;  (15)  155. 
Vertebrae  of  iishes,  lines  of  growth  in, 

(•23)  130. 
Vtrtehraliiia  striata,  (7)  312. 
Vertigo  anticeitigo,  (14)  168,  169. 
Vemcularia  tfpiiiotta^  (15)  157. 
Virhiua  fcuiciger,  (6)  260. 

variansj  (6)  260. 

Virgxdaria  miralnlis^  (15)  163. 
VirgiUina  schreibersiaiuiy   (7)   315;    (16) 

276. 
Vitality  of  eggs  of  ballan  wrasse,   (5) 

'246. 

of  fishes  caught  in  trawl-nets, 

of  younc  lol^ters,  (23)  67. 

Viviparous  blenny.     See  Blenny,    vivi- 
parous. 
Volvox  glol)atory  (9)  275. 
Volvula  aciiminaiay  (15)  115. 


W 


Waddinoton,  Mr  H.  T.,  (22)  125. 
Walker,  Mr  A.  0.,  (10)  244. 
Wallace,  Mr  William,  (14)  223.     • 
Walpole,  Sir  Spencer,  (10)  173. 
Wattel,  M.  Raveret,  (7)384;  (8)21  ;  (11) 

21,  487;  (13)  16. 
Weber,  Prof.  Max,  (6)  .306. 
Webster,  Mr  H.  A.,  (7)  384. 
Weever,  young  stages  of,  (9)  324. 
greater    and    lesser,    question    of 

specific  distinction  of,  (4)  207. 
greater  ( Trachinvs  drctco),  (4)  207 

(7)  326  ;  (8)  357. 

spawning  period  of,  (4)  244 


(7)  197. 

—  lesser  (Trachinus  vipera),   (4)  207 
(18)277;  (21)69. 
eggs  of,  (14)  223;   (16)    114 


(17)  83,  93,  96. 

embryo  of,  (16)  214. 

fecundity  of,  (9)  251. 

food  of,  (20)  486,  493. 

larger  on  East  Coast  than  on 

West,  (21)  71. 

migration  of,  (21)  70. 

proportion  of  sexes  in,  (21)  70. 


Weever,  lesser,  size  of  males  and  females, 

(21)  70. 

spawning  period  of,  (4)  244. 

Weirs,  destruction  of  immature  fish  by, 

(8)  190. 

fishing  by  means  of,  (8)  190. 

Weldon,  Mr  W.  F.  R.,  (6)  299 ;   (8)  361. 
West  Coast  expedition  of    **  Garland," 

(11)  15,  23,  167. 

fishine  ground  on,  (7)  5. 

of  Scotland,  vertebrate  fauna  of,  (7) 

385. 
Westicoodia  carinata,  (8)  326. 
nobUis,  (4)  152;  (6)240;   (15)  152; 

(21)  130. 
WestiroodiUa  mcula,  (10)  263. 

hyalina,  (10)  263. 

Whale,  notes. on  Greenland  whalebone, 

(7)365. 
Whales  in  Spanish  waters,  (8)  370. 
Whelks,  injuries  to  hooked  fishes  by,  (4) 

204. 
Whiff.    See  Megrim. 
Whitch.     Set  Witch. 
White,  DrP.,  (7)386. 
Whitebait,  (22)  171. 

nature  of,  (4)  98. 

Whitefish  (Coregonus  clupti/ormi«),  com- 
position of,  (5)  228. 

digestibility  of,  (5)  228. 

Whiting  {Oadits  merltLngus),  (18)282. 
age  of,  at  first-maturity,  (19)  189  ; 

(20)  400. 

arrangement  of  muscles  in,  (4)  168. 

cross-fertilisation     of,    with     grey 


gurnard,  (8)  358. 

—  distribution  of  adult  and  immature, 
(8)  175. 

—  distribution  of  eggs  of,  (15)  225. 

—  eggs  of,  (7)  306;  (8)  284;  (16)  91, 
114  ;  (17)  82,  83,  84,  93,  96,  103,  106, 

—  fecundity  of,  (9)  256. 
food  of,  (5)  317 ;  (7)  230,  &c.  ;  (8) 


231,  243,  249,  251,  252,  253,  255,  256  ; 
(9)  230,  235,  &c.  ;  (10)  217,  227.  231  ; 
(20)  486,  513. 

growth  of,  (8)  175  ;    (11)  196;    (15) 


204 ;  (19)  154,  166 ;  (20)  335,  368. 
growth  of,  comparative,  in  different 


regions,  (20)  399. 

immense  shoals  of  young,  in  Firth 


of  Forth,  (8)  175. 

—  in  Loch  Fyne,  (4)  232 ;  (15)  111. 

—  larva  of,  (16)215. 

—  life-history  of,  (15)  194. 

—  mature  and  immature,  (8)  175. 

—  parasites  of,  (18)  178  ;  (19)  121,  146, 
149 ;  (23)  108. 

—  pelaffio  habit  of  young,  (20)  387. 

—  post-larval  forms  of,  (7)  308. 
proportion  of  immature,  landed  by 


trawlers,  (22)  19. 

—  proportion  of  males  to  females,  (8) 
349. 

—  relation  of  length  to  weight,   (22) 
144,  148,  224. 

—  sexual  proportions  of,  (10)  239. 

—  size,  average,  at  maturity,  (22)  150. 

—  size-limit  between  mature  and  im- 
mature, (22)  18. 
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Whiting,  size,  miiiimum,  at  maturity,  (8) 

161,  162,  163. 
size  of ,  at  first -maturity,  (19)  189; 

(20)  339. 

sizes  of,  (14)  144. 

spawning  areas  of,  (15)  227. 

spawning  period  of,  (4)  247  ;  (7)  194; 


(8)  267  ;  (17)  97  ;  (19)  185  ;  (21)  20. 
vertical  distribution  of  early  stages 


of,  (19)  187. 

young,  caught  in  bag-net  fishing  for 

sprats,  (23)  157. 

-  on    deep-water  grounds,   (19) 


289. 


Couch's  {Oculiui potitassoH),  (18)  283; 


(19)  284. 


(20)539. 


occurrence  of,  in  Firth  of  Forth, 


spawning  periml  of,  (4)  247. 


pout.     See  Bio. 

Widegren,  (4)  102. 

Wigton  Bay,  occurrence  of  anchovy  in, 

(23)  252. 
Williamson,  Dr  H.  Chas.,  (11)  17,  265, 

490 ;  (12)  19,  298,  322  ;  (13)  14,  15,  192, 

258  271  •  &c. 
Wilmot,  Mr  S.,  (9)  396 ;    (10)  335  ;    (11) 

493. 
Wilson,  Dr  John,  (4)  218  ;  (5)  247. 

Mr  Peter,  (4)  255. 

Wind,  annual  resultant  of  monthly  means, 

(15)  356. 
effect  of,   in  changing  density*  of 

water  in  Loch  Fyne,  (15)  264. 
effect  of,  in  changing  temperature  of 

water  in  Loch  Fyne,  (15)  264. 

effect  of,  on  surface  currents,  (15) 


356. 
Winds,  prevailing,  in  the  North  Sea,  (15) 

360. 
Witch  {PleurojiecteJi  cynoglosfrtis),  (15)  112; 

(18)286,353;  (21)49. 

abundant  in  Moray  Firth,  (21)  49. 

age  of,  (22)  195. 

distribution  of,  (21 )  49. 

distribution  of  young  of,  (22)  190. 

duration  of  post  larval  period,  (22) 

270,  271. 

eggs  of,  (16)  91.   114.  115;  (17)  82. 


83,  84,  93,  104. 

time  taken  by,  to  hatch,  (22) 

186. 
—  fecundity  of,  (9)  264. 

food  of,  (7)  226,  238,  239,  246 ;  (8) 


Witch,  size-limit  between  mature  and  im- 
mature, (22) 18. 

size,  minimum,  at  maturity,  (8)  161, 

162,  163. 

size  of,  at  maturity,  (10)  238;  (22) 


195. 


—  spawning  period  of,  (4)  251 ;  (7)  190; 
(8)  263  :  (10)  234  ;  (17)  99  ;   (22)  186. 
sole.     See  Witch. 


231,  237,  250,  254 ;  (9)  226,  238,  342; 
(10)214,223;  (21)223. 

—  growth  of,  (22)  186. 

—  mature  and  immature,  (8)  172. 

—  post-larval,  (22)  187. 

—  post-larval  and  early  young  stages 
of,  (22)  270. 

—  post- larval  and  young,  (22)  270. 
proportion  of  immature,  landed  by 


trawlers,  (22)  19. 

—  proportion  of  sexes  among,  (8)  349 ; 
(22)  195. 

—  rarity  of  young,  (21)  49. 
relation  of  length  to  weight,   (22) 


144,  210. 

—  sexual  proportions  of,  (10)  239. 


Wolf-fish.     See  (Jat-fish. 

"Wonderkuil"  fishery  in  Zuiderzee,  (6) 
306 ;  (8)  366. 

fiishing-net,  (8)  157. 

Wondyrchroum,   ancient  trawl-net,    (8) 
157. 

Wood's  Holl  Station,  U.S.,  Fish  Com- 
mission, (6)  302. 

Woodall,  Mr  John,  (12)  205. 

Woodhead,  Professor  O.  Sims,   (3)  76 ; 
(4)  176. 

Worms,  parasitic,  on  fish,  (19)  137. 

Wrasse,  ballan  {Lahnif*  maaUatuA),  (4) 
232;  (15)  111  ;  (18)281. 

food  of,  (4)  210. 

larva?  of,  (5)  246. 

ova,  fry,  and  nest  of,  (5)  246. 

parasites    of,    (19)    139;    (23) 


109,  116. 


spawning  period  of,  (4)  246. 


—  small-mouthed.       See    CentTrdainnis 
exo/ety^. 

—  rainbow  (CoriH  JiUih),  (18)  282. 
striped  {LaJlyniH  mixhis),  (4)  232;  (15) 


111;(18)28L 

food  of,  (21)221. 

■  parasites  of,  (19)  127  ;  (20)  291, 


•29.3. 


Xantho  hydrophilm,  (18)  404. 

inci^s,  (18)  404. 

XanthoccdanuA  Itore/i/tJ*,  (20)  449,  452. 
XeMtofef)en»  anraiUia^  (7)  318  ;  (15)  14.3. 
— --  (leprejwa,  (6)  244  ;  (15)  143. 
XiphichiluA  tennittMmuMf  (6)  24.5. 
Xylophaga  dorMafiH,  (14)  158;  (15)  128. 
Xyi^trenrys,  (18)  352,  356. 


Y 


Yarrkll's  blenny.    See  Blenny. 

Yolk  of  teleostean  eggs,  chemical  com- 
posititm  of,  (16)  1.36. 

of  teleostean  eggs,  physical  charac- 
ters of,  (16)  136. 

.    See  Eggs. 

Younff  fishes,  destruction  of,  by  sprat 
and  sparling  fishermen,  (23)  156. 

lobsters,  food  of,  (23)  69,  70. 

vitality  of.  (23)  67. 


Z 


Zam  goodmri,  (8)  319 ;  (16)  269 ;  (19)  260. 

oralis,  (8)  319. 

fqnnatiis,  (4)  163 ;  (6)  241 ;  (15)  162 ; 

(16)  258,  260. 
Zeus/aber.    See  John  Dory. 
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Zetigop(eni8  megastoma.     See  Meffrim. 

nonfegicus.     See  Topknot,  Norway. 

punctcUun.      See  Topknot,  Muller'e. 

iinimacuiafu^.  See  Topknot,  one- 
spotted. 

Zippoiu  memftranaceat  (16)  119. 

ZayphinxiH  millegranus,  (15)  122. 

montaguij  (15)  122. 

zizyphinuAy  (15)  121. 

Zoarcen  xnvipanui.  See  Blenny,  vivi- 
parous. 

Zoea  of  CarcinuA  mcma»,  (21)  1.^. 

of  edible  crab,  (18)  88. 


Zoea  of  lobster,  (23)  67. 

of  shrimp,  (19)  114. 

Zoantharia,  (10)  266. 

Zones  of  growth  in  skeletal  structures  of 

fishes,  (23)  125. 
Zonitea  radiaUdm,  (14)  168,  169. 
Zosime  Ju»i/ormis,  (18)  390. 

apinuloda,  (9)  301. 

typica,    (11)    202;    (15)    149;    (19) 

248. 
Zuiderzee  as  a  nursery  for  plaice,  (9)  414. 

fisheries  in,  (8)  366 ;  (9)  414. 

fishes  whicli  spawn  in,  (8)  368. 


of  the  Fishery  Board  for  Scotland,  251 


X.— IGHTHYOLOGICAL    NOTES. 

By  Dr.  T.  Wemyss  Fulton,  F.R.S.E.,  Superintendent  of  Scientific 

Investigations. 


CONTENTS. 

PAGE. 

The  Young  of  the  Conger  {Leptocephalua),   -  -  -  -      251 

The  Anchovy  {Engramis  encrasicholtis)^ 

T\i(i  CeX^h  {Anarrhichm  lupvs). 

An  Albino  Plaice,       -  .  .  .  . 

The  Spawning  of  the  Cod  in  Autumn  in  the  North  Sea, 


252 
252 
252 
253 


The  Young  of  the  Conger  {Leptocephalus). 


In  last  year's  RepoH  I  described  and  figured  two  specimens  of 
LeptocephaliiSy*  both  taken  in  the  Moray  Firth,  one  in  December  and 
the  other  in  February.  On  4th  May  last  the  Laboratory  attendant, 
while  using  a  small  trawl  of  very  fine  netting,  fitted  on  an  iron  frame, 
like  a  dredge-frame,  for  the  capture  of  newly-transformed  flat-fishes, 
caught  a  third  specimen,  and  part  of  another.  The  drag  was  made  in 
Aberdeen  Bay,  opposite  the  Bathing  Station,  in  from  four  to  five 
fathoms  of  water,  and  the  fish  in  the  net  were  brought  ashore  alive  and 
placed  in  a  tank  in  the  tank-house  at  the  Marine  Laboratory.  Next 
morning,  on  examining  the  tank,  the  Leptocephalus  was  discovered 
alive,  concealed  in  a  chink.  Besides  this  living  specimen,  the  head  part 
of  another  of  apparently  the  same  stage  and  dimensions  was  found 
adhering  to  the  net ;  it  had  been  cut  off  about  a  centimetre  behind  the 
head,  probably  by  tiie  action  of  the  edge  of  the  ii-on  fi'ame  dragged 
along  the  bottom.  Other  similar  hauls  in  the  same  locality  were  made 
on  succeeding  days,  but  no  other  specimens  were  secured. 

The  living  specimen  was  transferred  to  a  large  glass  basin,  on  the 
bottom  of  which  sand  was  strewn,  and  a  stone  with  sea-weed  growing 
on  it  was  placed  in  the  centre.  Tow-nettings  and  also  collections  of 
Crustacea  from  the  beach,  as  well  as  minced  mussels  latterly,  were 
placed  in  the  tank.  Here  the  young  conger  lived  and  thrived  until 
13th  June,  when  it  disappeared.  It  was  observed  by  the  attendant  in 
the  morning,  but  was  missed  a  few  hours  later.  The  overflow  was 
carried  away  by  two  S  shaped  glass  tubes,  acting  as  syphons,  and 
removing  the  water  at  a  little  distance  below  the  surface.  The  bore  of 
these  tubes  was  about  four  millimetres  in  diameter,  and  it  is  not  easy  to 
understand  how  the  Leptocephalus  could  have  made  its  exit  through 
either  of  them. 

As  it  was  desired  to  rear  it  if  possible,  it  was  not  removed  from  the 
vessel  for  examination.  So  fai*  as  could  be  judged,  it  was  about  five 
inches  in  length  and  about  a  centimetre  in  breadth,  and  corresponded 
closely  to  the  second  of  the  two  forms  described  last  year,  and  identified 
as  L.  piutctatus,  of  Kaup.  The  myotomes  and  the  median  row  of  black 
dots  could  be  seen  distinctly,  but  none  were  observed  on  the  ventral 
margin.     It  was  slightly  whitish,  but  translucent  and  almost  trans- 
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parent,  and  its  eyes  were  the  only  conspicuous  part  of  it,  the  silvery  lustre 
contrasting  with  the  intense  black  pigment,  of  which  there  was  also  a 
somewhat  triangular  patch  on  the  upper  surface. 

At  first  it  habitually  lurked  in  concealment  under  the  overhanging 
edge  of  the  stone,  only  its  head  l)eing  visible.  On  being  disturbed  its 
first  movement  was  to  withdraw  the  head  also,  but  if  the  disturbance 
continued,  it  came  out  from  its  lair  and  swam  slowly  round  the  vessel, 
close  to  the  wind,  with  an  nndulatory  or  serpentine  movement,  stopping 
every  now  and  again  and  swaying  its  head  to  one  side  or  the  other  as  if 
examining  the  bottom,  which  it  occasionally  tapped  suddenly  with  its 
snout.  Later,  it  took  up  a  position  on  the  top  of  the  stone,  among  the 
weeds,  with  its  body  entwined  among  the  stems. 

In  the  part  of  the  other  specimen,  examined  later  after  preservation 
in  formaline,  the  depth  behind  the  head  was  6mm.  .and  the  thickness 
3mm.,  the  diameter  of  the  eye  being  l*5mm.  The  lower  jaw  was  con- 
spicuously longer  than  the  upper,  projecting  considei-ably  beyond  it ; 
minute  dots  of  dusky  pigment  existed  on  the  tip  of  the  snout,  and  still 
more  markedly  on  and  around  the  tip  of  the  lower  jaw,  extending 
backwards  under  it.  The  tissues  had  a  solid  consistence.  This  speci- 
men thus  appears  to  differ  somewhat  from  the  one  I  described  last  year. 

The  Anchovy  (EngratUis  enci'asicholits). 

In  some  previous  reports  I  have  described  the  occurrence  of  the 
anchovy  in  Scottish  waters.*  Ou  23th  June,  last  year,  a  specimen  was 
taken  in  a  sparling  (or  smelt)  net,  near  Creetown,  Wigton  Bay,  and 
was  sent  by  Mr.  W.  Poole,  of  that  place,  to  Mr.  R.  Duthie,  the  Fishery- 
Officer  of  the  district,  whom  I  have  to  thank  for  the  specimen.  Com- 
pared with  other  Scottish  specimens  that  have  come  into  my  hands,  it 
is  unusually  large.  The  end  of  the  tail  is  damaged,  and  its  length,  as  it 
is,  is  178mm.,  or  7  inches,  but  when  perfect  it  probably  measured  about 
184mm.  According  to  Day,  the  anchovy  rarely  exceeds  6  j  inches,  but 
he  mentions  that  Dunn  has  obtained  specimens  off  the  Cornish  coast 
measuring  eight  inches  in  length. 

The  Catfish  {Anarrhichas  lupus). 

The  spawning  period  of  this  fish  has  not  yet  been  well  determined; 
it  may  therefore  be  worth  while  recording  that  on  6th  August  last, 
among  a  number  which  were  caught  by  a  trawler  in  49  fathoms,  six 
miles  north-west  of  Foula  Island,  which  lies  to  the  westwards  of  the 
Shetlands,  some  of  the  females  had  the  eggs  well  advanced.  The  fish 
were  opened  by  Captain  Samuel  Caie  and  the  eggs  were  sent  in  bottles  to 
the  Marine  Laboratory.  In  three  cases  the  eggs  measured  from  3mm. 
to  4mm.  and  were  obviously  immature,  but  in  one  instance  they  were 
fully  mature,  measuring  6mm.,  and  they  were  isolated  and  separate,  and 
apparently  ready  for  extrusion. 

Mcintosh  and  Masterman  t  are  probably  right  in  supposing  that  the 
main  spawning  time  of  this  fish  is  from  November  to  January,  with  a 
margin  on  either  side ;  but  the  existence  of  a  fully  ripe  female  at  the 
beginning  of  August  shows  that  spawning  may  begin  much  earlier  than 
November. 

An  Albino  Plaice. 

I  am  indebted  to  Mr.  James  Robb  for  a  specimen  of  an  albino  plaice 
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which  was  caught  by  the  steam  trawler  "  Chinkiang,"  26  miles  S.-E.  by 
E.  from  Aberdeen  in  March  last,  and  which  was  received  alive  at  the 
Marine  Laboratory.  It  was  14 J  inches  in  length  and  was  everywhere 
destitute  of  pigment,  except  on  the  upper  surface  of  the  head  and  gill- 
cover  and  at  the  root  of  the  ventrals,  where  a  small  patch  existed.  The 
ocular  side  was  as  white  as  the  blind  side.  The  fish  was  put  into  a  tank 
along  with  other  flat-fishes  and  was  exceedingly  conspicuous  as  it  lay  on 
the  bottom.  It  lived  for  over  two  months  and  was  found  dead  on  19th 
May. 

In  the  Report  for  last  year  *  I  described  another  albino  plaice,  so 
that  they  are  not  extremely  rare. 

The  specimen  above  described  was  interesting  also  as  giving  an 
example  of  the  tenacity  of  life  in  this  species.  It  was  caught  by  the 
•*  Chinkiang  "  about  two  in  the  morning,  put  with  the  other  plaice  and 
brought  to  market ;  it  was  being  packed  in  a  box  in  the  usual  way  about 
ten  o'clock,  when  it  was  discovered  by  Mr.  Robb,  who  sent  it  to  the 
laboratory  in  fresh  water  as  prefei-able  to  the  impure  water  of  the 
harbour. 

The  Spawning  op  the  Cod  in  Autumn  in  the  North  Sea. 

Under  this  title,  I  contributed  last  year  to  the  PMications  de 
Circomtance  (No.  8,  9)  of  the  International  Council  for  the  Exploration 
of  the  Sea,  a  paper  in  which  I  described  the  occurrence  of  shoals  of 
spawning  cod  in  autumn,  on  a  ground  known  as  the  "Reef,"  lying 
about  180-190  miles  E.  by  N.,  or  E.  by  |-N.,  from  Aberdeen,  that  is  to 
say,  close  to  the  deep  water  of  the  Norwegian  Channel,  and  about 
seventy  or  eighty  miles  from  the  coast  of  Norway.  A  few  additional 
observations  on  the  subject  may  be  here  mentioned. 

Last  year  the  fishing  on  this  ground  was  begun  about  the  middle  of 
July  by  one  of  the  steam  liners  (the  "  Vigilant "),  and  later  by  others, 
and  it  was  continued  till  late  in  the  year.  Tklr.  Forbes,  the  skipper  of 
this  vessel,  informed  me  that  the  grounds  on  which  they  were  fishing 
were  situated  195  and  196  miles  E.  |-N.  from  Aberdeen  in  66  and  66 
fathoms  of  water.  He  states  that  there  is  another  patch  of  rough 
ground  about  50  miles  to  the  northwards  where  they  also  get  spawning 
cod  in  autumn.  In  August  I  noticed  the  ripe  cod  in  the  fish-yards  and 
traced  them  to  the  "  Reef  "  grounds,  and  I  got  Mr.  Forbes  to  keep  a 
tally  of  the  cod  taken  on  two  of  his  voyages.  The  first  occasion  was 
30th  August  and  the  position  was  166  miles  E.  |-N.,  the  depth  being 
56  fathoms.  The  number  of  cod  caught  was  18  score,  or  360  fish,  and 
the  number  from  which  the  milt  or  eggs  were  observed  to  be  running 
as  they  were  brought  on  board  was  37  males  and  28  females,  or  nearly 
19  per  cent.  On  this  occasion,  I  was  informed,  the  vessel  was  not  quite 
on  the  proper  grounds ;  they  were  a  little  too  far  north  and,  owing  to 
fog,  they  were  unable  to  see  the  sun  to  determine  their  position.  When 
on  the  right  ground,  they  say  that  practically  all  the  ood  taken  are 
either  spawning  or  full,  or  spent.  The  next  occasion  was  the  14th 
September,  the  position  being  nearly  the  same,  viz.,  196  miles  E.  |-N., 
and  the  depth  55  fathoms.  Forty-one  score  of  cod,  or  820  fish,  were 
taken,  and  the  number  observed  to  be  '*  running  "  was  83  females  and 
67  males,  or  again  nearly  19  per  cent.  One  or  two  ling  were  also  found 
to  be  spawning,  but  as  a  rule  they  were  beginning  to  "  fill  up." 

It  is  of  interest  to  not-e  that  the  largest  average  catches  of  cod 
obtained  by  the   Aberdeen   steam-liners  are  taken  from  the  area  in 
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which  these  groanda  are  situated.  The  statistics  of  the  vessels  in  1903, 
for  which  I  am  indebted  to  Professor  D'Arcy  Thompson,  show  the 
following,  in  cwts.  per  100  lines  used,  for  Square  XX.,  in  which  the 
"Reef"  lies: — 


And  the  complete  statistics  for  the  vanous  Squai-es  in  tlie  North  Sea, 
in  which  the  vessels  fished  in  the  last  five  months  of  the  year  are 
these: — 


Square  XXY.,  it  may  be  said,  lies  to  the  south  of  XX.,  contiguous 

Dr.  Hjort,  of  the  Norwegian  Fishery  Board,  who  visited  the  grounds 
in  the  "  Afichael  Sars,"  the  Norwegian  investigation  steamer,  last 
August,  has  pointed  out  aa  an  interesting  fact  that  the  tempemtore  at 
the  place  where  the  spawning  cod  are  found  in  autumn  is  the  lowest 
for  the  year  in  the  locality,  while  on  the  coastal  banks,  where  the 
spawning  takes  place  in  spring,  the  temperature  is  also  at  the  lowest 
during  the  spawning  time. 
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off,  15,  37,  38. 
Otolith  of  cod,  lines  of  growth  in,  128. 

of  fishes,  lines  of  growth  in,  126, 128. 

of  herring,  lines  of  growth  in,  127. 

of  plaice,  lines  of  growth  in,  126, 

133. 

Parasite  of  ballan  wrasse,  109,  116. 

of  basse,  109.  117. 

uf  bib,  108,  113. 

of  cod,  108. 

of  common  sole,  108. 

of  flounder,  108. 

of  ffrev  gurnard,  115,  116. 

of  haddock,  108. 

of  ling,  108. 

of  lumpsucker,  108. 

—  of  plaice,  108. 

of  pollack,  108. 

of  porbeagle  shark,  1 12. 
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of  sturgeon,  1 10. 

of  three- beaixled  rockling,  110. 


of  whitinc,  108. 

Parasited  of  fishes,  108. 
Pearcey,  Frederick  G.,  173. 
Pectoral  eirdle,  lines  of  growth  in,  131. 
Penellajiftromy  113. 

Jiiwa,  113. 

^--^  orthayorinciy  11,3. 

PeniuUidafilo^,  113. 

Period  of  Tay  Bpnit  fisherj',  161. 

PhyllocofYfeguriMrdif  115. 

Plaice,  albino,  description  of,  252. 

(PUwonecfen    pfat£^*Aa),     lines     of 

growth  in  otoliths  of,  126,  133. 

lines  of  growth  in  scales  of,  125. 

otoliths  of,  126,  133. 

parasite  of,  108. 

spawning  of,  in  Dornoch  Firth,  30. 

tenacity  of  life  in,  252. 

Pledanocotycc  forenzii,  116. 
Pl«uronectidie,  zones  of  growth  in  the 

skeletal  structures  of,  l&. 


Pollack  {Oadiui  pollachiiui),  parasite  of, 

108. 
Prince,  Professor  E.  E.,  173. 
Proportion  of  berried  hens  in  the  catch 

of  lobsters,  88. 
Protozoea  stage  of  lobster,  68. 
Psetidocaligus  hrevipedi^,  110. 
Psetulocyclapia  giethrechtt,  141. 

Railway  rates  for  tish  from  Dundee,  161. 
Reibisch,  Dr  J.,  125. 
Rockling,    three  •  bearded    {Onos  tricir- 
ratiis)^  parasite  of,  1 10. 

Sandeman,  George,  174. 

Sandside    Bay,   trawling'  investigations 

in.  15.  36,  37. 
Scales  of  fishes,  lines  of  growth  in,  125, 
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Scarcity  of  sprats  in  Tay,  156. 
Scientific  papers  in  annual  reports,  list 
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Scott.  Dr  Thomas.  167,  169,  174. 
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Shark.    p<»rbeaglc    {Lamna    comnbica), 

parasite  of,  112. 
Size    of    the    lobster  1>efore    and    after 

casting,  92. 
Skeletal  structures  of  fi:jhes,   zones    of 

growth  in  the.  125. 
Smith,  Dr  W.  Ramsay.  175. 

W.  Anderson,  175. 

Smith  Bank,  trawling  investigations  on. 

13. -22.  24.  31,  44.48,57. 
S<jft  lobster,  characters  of.  94. 
Sole,  common  (So(ca  iHilyan'^),   parasite 

of,  108. 
Spawning  ctxl,  etc.,  in  Donioch  Firth,  20. 
of  (?<k1  in  autumn  in  the  North  Sea, 

253. 

of  lobsters,  100,  101. 

of  plaice  at  hatchery,  120. 

Sphtromilla  aorct^  150. 

minuta^  149. 

i*araitn^is^  150. 

Sphi/rion  fumjti,  113,  114. 

Sprat    and    herring,   destruction  of,  ))y 

bag-nets.  156. 
and  winter  herring,  notes  on  natural 

liistorj'  of,  164. 

fishing  in  Tay,  156,  163. 

in  Tay,  tides  affecting,  163. 

in  Tay,  proportion  of  herrings 

taken  in.  157. 
Sprats,  low  prices  of,  in  Tay,  161. 

ixynr  quality  of,  m  Tay.  161. 

scarcity  of,  in  Tay,  lo6. 

Statistics  of  Tay  sprat  fishery,  157. 
Steiihe/ia  pygmaoBy  144. 
Steven,  Dr  .J.  Lindsay.  174.  ' 
Stewart,  Professor  Charles  Hunter,  175. 
Stirling.  l*rofessor  William,  175. 
Sturgeon  {Acijtenj^er  t^titrio),  parasite  of. 

110. 
Sun -fish  {OrthcujoriHCim  mofa)^  parasite  of. 
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Tav  sprat  fishery,  156. 

fislicry,  period  of,  161. 

sprat  fishing  grounds  in,  163. 
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Ttuwra  hnyicomittf  67. 

Tenacity  of  life  in  plaice,  2SS. 

Thompson,  Mr  J.  otuart,  130. 

Tides  affecting  the  Tay  sprat  fishery,  16H. 

Tosh,  Dr  James  R.,  1/6. 

Trawling  investigations,  13. 

at  Faeroe,  31-33,  58-64. 

in  Aberdeen  Bay,  13,  14,  22, 

25,  -28,  31,  34,  48,  49,  53,  57. 
in  Burghead  Bay,  18,  19,  22, 

•26,  -27,  -29,  80,  42,  44,  45,  50-57. 
in  Dornoch  Firth,  20,  21,  24, 

26,  29,  42,  43,  47,  52,  55,  57. 

—  in  Dunnet  Bay,  16. 

in  Moray  Firth,  13,  14,  26. 

—  in  Sandside  Bay,  15,  36,  37. 

off  Lossiemouth,  20,  24,  41,46. 

off  Lybster,  15,  24.  34,  35,  36, 

47. 
off  Ord  of  Caithness,   15,  37, 

38. 
' on  Smith  Bank,  13,  22,  24,  31, 

44,  48,  57. 
on  **  witch-grounds,"  13,  17, 

26,  39,  50. 
Trematoda  parosita,  115. 
Trigla  ynrnardus.     See  (Tuniaixi,  grey. 
UiiecUa.    See  Guniai*d,  streaked. 


Variation  of  the  megalops  of  lobster, 
83. 


Vertebra  of  fishes,  lines  of  growth  in^' 

130. 
Vitality  of  crab  fry,  154. 
of  young  lobster,  67. 

Wallace,  William,  176. 

Whiting  {Oadtis  merlangui),  parasite  d^ 

108. 
Wigton  Bay,  occurrence  of  anchovy  in, 

252. 
Williamson,  Dr  H.  Charles,  176. 
Wilson,  Dr  John,  177. 

Mr  Peter,  177. 

"  Witch-grounds,"    trawling   investlgft* 

tions  on,  13,  17,  26,  39,  50. 
W^oodliead,  Dr  G.  Sims,  171,  177. 
Wrasse,  ballan  (Labrus  bergylta), 

sites  of,  109,  116. 


YouNu  fishes,  destruction  of,  by  spmt 
and  sparling  fishermen,  156. 

lol)sters,  food  of,  69,  70. 

vitality  of,  67. 

of  the  conger  {Lepiocephalus),  25L 

Zoi-Li,   lolister,   the  appendagOB    of    the 

first,  74. 

stage  of  lobster,  67. 

Zones  of  growth  in  the  skeletal  etmo- 

tures  of  fishes,  125. 
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